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CfffiPTER I 
INTRODUCTION 
Background and Reason for the Study 
Industrialized society has become dependent on fossil fuel rs 
its primary source of energy and is increasing its consumption et a 
rate that will exhaust it in the near future. 
The law of supply and demand indicates that as the demend for 
fossil fuel increases and the supply available decreases, the cost of 
this commodity increases according to the rate of demand and the rate 
of depletion. 
The rising cost of fossil fuel end the reelizetion that this 
is a non-renewable source of energy have mrde the general public and 
the government aware of a developing fossil fuel energy crisis. Hans 
H. Landsberg said in his article "Low-Cost. Abundant Energy: Paradise 
Lost?": 
In the late fall of 197 2, shortages of heating oil prompted 
schools and other public buildings to close, and Midwestern 
farmers began to worry over securing enough fuel to dry wet 
crops and power their implements. By the Summer of 1973. 
distillate and fuel oil and gasoline, as well as crude, were 
in short supply. Sunday or early week-day closings of 
service stations or "sold out" signs on the pumps began to 
make their appearance before becoming routine matters late 
in the year (16, pp. 82-95). 
On May 27, 1975 at 8:30 p.m. EDT, President Gerald R. Ford 
addressed the nation through all the major television and radio net- 
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works giving the reasons for his second one-doller-P-barrel t?x on 
imported oil. They were: the energy crisis, end Congress' lack of 
action to solve the energy problem. 
In his eddress President Ford stated thft the energy program 
that he proposed to Congress on Jenu?ry 15. 1975 would hcve mfde the 
United States "independent of foreign sources of energy by 1985". 
He also mentioned that at the present time the United States gets 37 
percent of its petroleum needs from foreign sources end thft in ten 
years the United States would be importing more than half of its pet¬ 
roleum needs. President Ford continued by pointing out that in two 
and a half years more the United States would be twice as vulnerable 
to foreign oil embargo than the preceding two winters. The economic 
side of the problem was emphasized by the 25 billion dollars paid for 
foreign oil as opposed to the 3 billion dollars paid annually five 
years ago. All these comments attached an urgency to finding a solution 
to the energy problem. 
The Federal Government has supported research and development 
of other sources of energy, but not until this year had the budget 
being of any significant amount. Congress is considering a proposed 
4.34 billion dollars for the 1976 budget (37). 
Nuclear power is being considered as one of the alternatives to 
fossil fuel to generate electricity. Several ways of harnessing nuclear 
energy are being tested and two of them have already gone into product¬ 
ion of electricity. 
The two types of nuclear reactors now commercially available in 
the United States, both thermal or slow-neutron reactors, are the Light- 
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Water Reactor (LWR) and the High Temperature Gas-Cooled Reactor (HTGR). 
The LWR uses ordinary water both as a coolant to transport the heat re¬ 
leased in fission and as a moderator to slow down the fast neutrons pro¬ 
duced in fission. There are two types of LWR's, the Pressurized Water 
Reactor (PWR) and the Boiling Water Reactor (BWR), the distribution of 
which in the U. S. is about 60 percent PWR and 40 percent BWR (at the 
end of 1970). The HTGR is helium-cooled and graphite moderated. There 
are two HTGRs operating in the United States. The first reactor is in 
Peachbottom producing 45 Megawatts, and the second one in Fort Saint 
Vrain producing 330 Megawatts. Gas-cooled reactors are predominant in 
England, however, the English reactors are cooled with carbon dioxide 
(CO2) and operate with fuel differing from that of the U. S. HTGRs 
(15, pp. 228-243). 
Another type of reactor is the breeder reactor. This reactor 
derive its name from the fact that it produces more fissionable mat¬ 
erial than it consumes when a fuel containing both fissionable end 
fertile material are rercted to produce energy. Several types of 
breeder reactors are: the Licruid Metal Fast Breeder Reactor (LMFBR), 
the Gas Cooled Fast Breeder Reactor (GCFBR), and the Molten Salt 
Breeder Reactor (MSBR) (15, pp. 244-252). 
There are some problems involved with the commercially avail¬ 
able reactors. The two major problems are the radioactive waste dis¬ 
posal and the safety of the population living in the vicinity of the 
reactor should an accident occur. These two problems have drawn much 
of the public's attention as well as the environmentalists' and the 
government officials'. 
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The earth's heat or geothermal energy is another alternative 
to fossil fuel with which scientists are experimenting. There are 
three potential ways to tap geothermal energy. One way is by the use 
of the so-called dry-steam reservoirs. These reservoirs are rare. 
They exist only where a supply of underground water comes in contact 
with cracked hot rock and is turned into steam. To obtain electricity 
the steam is piped to a steam turbine. The other two potential sources 
of geothermal energy are more prevalent, hot water and hot dry-rock 
deposits. Large amounts of energy are stored in such reservoirs but 
it is not easy to get the energy out. Some of the hot water deposits 
present a problem in that the water is not pure but a corrosive brine 
that can clog-up drill holes or destroy machinery in a short period 
of time. Tapping energy from hot dry-rock also present difficult 
problems of its own (13, pp. 96-99, 142-43). 
The sea, covering 70 percent of the face of the earth, re¬ 
presents a large power house that only lately has attracted much 
attention. Most of the solar radiation which bathes the earth is 
absorbed by the oceans. The greatest intensity of solar radiation 
is felt between the Tropic of Cancer and the Tropic of Capricorn 
where some 90 percent of the surface is water. Converting ocean 
thermal differences into electricity (applying a thermo-dynamic 
cycle) is now being investigated under federal grants via the National 
Science Foundation (6, pp. 78-81, 122). A design for an ocean power 
plant by Lockheed Ocean Systems of Sunnydale, California would vaporize 
a volatile fluid such as ammonia. This vapor would drive turbines 
which would generate electrical energy, perhaps as much as 160,000 
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kilowatts which could be transmitted to land by underwater ceble 
(38, p. 388). 
Waves, tides, and currents offer energy that can be harnessed. 
One tidal power plant now operating is located in France, spanning the 
estuary of the River Ranee. It was built in 1966 end is presently 
producing 500 Megawatt-hours of electricity a year, out of the maximum 
544 Megawatt-hours possible. A small tidal-power plant was designed 
by the Russian Lev Bernstein, and was built on the Kislaya Bay, north 
of Murmansk in 1968. The Bay of Fundy in Canada, having a 53-foot 
tidal variation is an obvious candidate for tidal power development 
(potential energy in the water converted to kinetic energy to drive 
turbines to produce electricity) (6, p. 73). 
The British Government is supporting the development of a wave- 
power scheme conceived by Dr. Andrew Salter of the University of 
Edinburgh's Department of Mechanical Engineering (5, p. 72). 
Under the auspices of John D. MacArthur, a wealthy private 
citizen. Dr. Harris B. Stewart, Jr., director of the National Oceanic 
and Atmospheric Administration's Atlantic's Oceanographic and Meteoro¬ 
logical Laboratories in Miami, his colleage Dr. John Apel, and Dr. 
William von Arx of Woods Hole Oceanographic Institute, organized the 
MacArthur Workshop in early 1974 to investigate the Florid? Current as 
a potential source of energy. The conclusions they reached are, in the 
words of Dr. Stewart: 
There are no insurmountable obstacles to trapping the kinetic 
energy of the Florida Current. It can be done. Not only is 
it feasible from an engineering standpoint, but the cost may 
well be comparable to those of other proposed energy sources 
in the 1980's. 
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Electrolysis could be used to obtain hydrogen from seawater 
which could be used as fuel (37, p. 388). Other investigetors ere 
studying the possibilities of extracting power from Sclination (the 
reverse of desalination) and of growing crops at see to h?rvest 
them for fuel (5, pp. 72-73, 124). 
There are two processes available to produce methane gas. 
Methane gas can be produced from garbage or animal waste material 
but Dr. Donald L. Kla ss of the Institute of Gas Technology proposes 
mass methane production from large masses of vegetation grown on 
selected land or water areas for this very purpose. With the 
anaerobic-bacterial process. Dr. Klrss calculates the production of 
one billion cubic feet of methane per day, at an approximate cost of 
one dollar per million British Thermal Units (BTU). In the anaerobic- 
bacterial process the vegetation is first shredded end then placed 
into a tank where bacteria can digest it. The other process is called 
the pyrolysis process. In this process the shredded materiel is heat¬ 
ed in an oxygen-deficient chamber. Some of the carbon combines with 
hydrogen to form methane, which is drawn off end collected. Several 
major firms are building or proposing to build such pyrolysis plants 
to convert garbage into energy. According to E. F. Lindsley (18, 
pp. 58-60, 128): 
Union Carbide has tested its Purox pyrolysis system at 
Tarrytown, N.Y., end is presently getting a larger plant 
underway in West Virginia. Monsanto Enviro-Chem has success¬ 
fully tested its Langard proto-type in Saint Louis and is now 
building a 1,000-ton-per-day plant in Baltimore. Garret R&D 
has demonstrated similar concepts. A sufficient number of 
pyrolysis plants in areas with huge amounts of garbage could 
probably contribute ten percent or more to the local power 
grid. Allis-Chambers Corp. talks of a 2,OOO-ton-per-day 
plant that migh supply gas for 22,000 homes. 
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Solar energy, next to nuclear energy, hes received the most sup¬ 
port from the Federal Government. Recently because of problems with the 
disposal of radioactive weste materifl. r?dio?ctive redietion. end feer 
by the general public of the consequences should an Fccident occur in a 
nuclear power plant, solar energy, as an unlimited, non-polluting, end 
free source of energy, has been the center of many a study and experi¬ 
ment to evaluate its potential es a substitute to both fossil fuel and 
nuclear power (38, pp. 381-347). The space program gave birth to the 
solar cell, which converts solar energy directly into electricity. 
Much research is being done in this area to bring its cost down and 
its efficiency up (7, pp. 52-55, 120-121). Farrington Daniels in his 
book "Direct Use of the Sun's Energy", treats the subject of solar 
energy in depth. Interested readers are referred to his work (3). 
The wind has long been a source of power. With the invention 
of the steam engine and the internal combustion engine the use of the 
wind as a source of power declined sharply. When electricity produced 
by fossil-fuel fired plants was made available to rural homes, by the 
Rural Electrification Act, wind-power generating systems fell into 
disuse because they were not economically competitive with the cheaper 
fossil-fuel fired plant produced electricity. Today, environmentally 
conscious society, and the dwindling and increasing cost of non-renewable 
fossil fuel make the prospects of utilizing solar energy and wind-power 
greater and greater. 
It has been estimated that by the beginning of the twenty-first 
century the United States may be consuming 200 quadrillion BTU's or 
"quads", but unlike before when the bulk of energy came from a single 
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resource, six energy sources, none supplying more then twenty-five 
percent of the total may power the nation by 2020. There ere six 
facets listed under solar technology: solpr-heated buildings, "biomess" 
fuels from sun-nourished organic crops, steam power from solpr-thermel 
machines, electricity from solar cells, power produced by sun-governed 
winds, and energy generated by ocean temperature differences caused by 
the sun. The Energy Research and Development Administration (FRDA) 
estimates that solar technology could supply nearly a quarter of the 
nation's power by the year 2020 as follows: 20 quads from heating 
and cooling by solar collectors, 10 quads from biomass fuels, 4.2 
quads from solar thermal machines, 4.8 quads from solar cells, 3.6 
quads from winds, and 2.4 quads from ocean thermal differences (38, 
p. 383). The other energy sources would be: the atom (nuclear energy) 
providing approximately twenty-five percent of the total; coal contri¬ 
buting approximately twenty-two percent of the total; petroleum provi¬ 
ding approximately eighteen percent of the total; and hydropower and 
geothermal making up the remaining ten percent of the total energy. 
In the 1850's about ninety percent of the energy was produced by wood 
and the remainder ten percent by coal; by 1922 eighty percent of the 
energy was produced by coal and wood was producing about ten percent, 
the remainder was produced by petroleum, natural gas, and hydropower; 
today the bulk of the energy comes from petroleum, natural gas, and 
coal, the rest is made up by nuclear and hydropower and geothermal 
(38, p. 383). 
Various sources of energy have been mentioned, and yet, virtually 
all energy available to man comes from the sun. Coal, petroleum, and 
9 
gas are residues of plants and animals nurtured by the sun. Solar heat 
evaporates water, the evaporated water is the begining of the rain cycle, 
the rain in turn creates the rivers that power hydroelectric generators. 
Solar heat absorbed at different rates by masses of land and water create 
air currents that drive windmills that pump water or produce electricity. 
Plants, through the photosynthesis process, trap the solar energy and 
convert it into wood, by burning wood this conveniently packaged solar 
energy powers steam generators to produce electricity. According to 
Wilhem the earth is running out of these reserves of solar energy (38, 
PP. 381, 385): 
"At our current pace, we will consume in the next 25 years 
alone an amount equal to all the energy used by man in recorded 
history. If such consumption continues, obviously alternative 
sources must be found. And the majority of experts with whom I 
have talked agree that mankind must look to the sun to help solve 
our energy needs." 
This years's 90 million dollars or more that will be spent to 
seek ways to convert solar energy into economical energy should help 
the development of wind-power technology since wind-power technology 
is one of the six facets of solar technology. 
The Problem of the Study 
The problem of this study was to determine the cost of electri¬ 
city per kilowatt-hour produced by wind-power generating systems as 
compared to the cost of electricity per kilowatt-hour produced by 
fossil-fuel fired generating plants. 
The Hypothesis 
The hypothesis for this study was as follows: Electricity 
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produced by wind-power generating systems can become cost competitive 
with electricity produced by fossil fuel fired generating plants. 
Basic Assumptions 
The basic assumptions for this study were as follows: 
1. The cost of the hardware of wind-power generating system will 
decrease as the volume of production increases 
2. The demand for the wind-power generating system will be present 
3. The electricity produced by the wind-power generating system 
will be equivalent to the fossil-fuel fired generating plant 
4. A zero rate of inflation will be maintained 
5. The demand of electrical power will increase 
Limitations and Controls 
The limitations and controls established for this investi¬ 
gation were as follows: 
1. Wind-power generating systems under investigation will be of the 
smaller units which would be used to generate electricity to one 
home 
2. Alternative sources of energy will not be considered in this 
investigation except for basic overview of energy sources 
3. Persons desiring to install a wind-power generating system will 
need the required charging winds at their location 
4. Interest will be compounded 
5. The cost for a small (6 kilowatts) single system will be 
analyzed to obtain pertinent figures 
6. Data will be gathered from January 1975 until March 1976 
Definition of Terms 
The following terms are defined alphabetically as follows: 
AC - alternating current 
Ampere (amp. A) - unit of measure of electric current 
Amper-hour (ah, AH) - number of amperes flowing in one hour 
Auxiliary or back up generator - a small engine driven generator used 
with wind-power generating system to provide power during 
windless periods 
British Thermal Unit (BTU) - measure of heat energy 
Charging wind - winds having speeds above ten miles per hour (mph) 
DC - direct current 
Efficiency - the amount of input energy divided by the amount of out¬ 
put energy obtained from the conversion system expressed in 
percent. A 100 percent efficient device has an output energy 
equal to the input energy 
Electrical demand - electric power required by the load in watts or 
amperes 
Flourescent lights - lights utilizing gas filled bulbs where light is 
produced by ionization of gas (requires ballasts for ignition) 
Fossil fuels - basically coal, petroleum, natural gas and their 
derivatives 
Geothermal energy - natural heat energy existing in the form of steam, 
hot water, or hot sub-strata beneath the surface of the earth 
Hybrid Power system - a system such as that for a home which derives its 
heating, lighting and other energy from several inter-connected 
sources 
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Incandescent bulb - the most common light bulb, using c high resistance 
filament that produces light by high temperature excitftion 
Inverter - a device, either static or roteting, cepfble of converting 
DC power to AC power 
Kilowatt (KW) - one thousand watts 
Kilowatt-hour (KWH) - number of kilowatts used in an hour 
Lead-acid battery - the most common type of storege battery in use 
today with lead plates end an acid electrolyte 
Nuclear fission - atomic energy derived from so-called "splitting the 
atom" 
Power utility - includes ell of the private and public companies who 
generate and distribute electric power 
Solar energy - radiant energy coming from the sun 
Stand-by-power - a power source such as a battery bank or engine 
generator that can supply power during periods of blackout 
Tidal energy - potential energy existing in the tides by virtue of 
the height of the mass of water 
Voltage regulator - a device (usually electrical or solid state) to 
control the field of either the wind generator or engine 
generator and as a result, the voltage output 
Volt - unit of measure of electric potentirl (Electrical pressure) 
Watt - unit of measure of electric power (DC volts x DC amps) 
Note: In AC the instantaneous power is ecrual to the instant- 
aenous voltage times the instantaneous current (p=vi) 
Watt-hour - number of watts used in an hour 
Wave energy - kinetic form of energy existing on the surface of large 
bodies of water 
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Overview of the Investiqetion 
The increasing cost of fossil fuel, its non-renewable nature, 
the possibilities of oil embargoes ageinst the United States, and its 
vulnerability to these embargoes because of its increasing dependence 
on foreign oil have prompted the Federal Government and private citizens 
alike to be awere of an energy crisis and to look for alternative 
sources of energy. 
Nuclear energy, geothermel energy, energy from the see, energy 
from organic waste material, solar energy and wind-power are a few of 
the alternatives being considered today. 
This investigation concerned itself with the economic feasi¬ 
bility of electricity produced by a small wind-power generating 
system as compared with fossil fuel produced electricity, provided 
the techniques of manufacturing the component parts of the wind-power 
generating system would change so as to bring the unit cost of a 
complete wind-power generating system down. 
CHAPTER II 
REVIEW OF LITERATURE 
Introduction and History 
The Greeks and the Romans did not know of the windmill. The 
earliest known windmill was reported from Persia during the reign 
of the Caliph Omar I from 634 A.D. to 644 A.D. By the tenth century, 
according to two Persian geographers, windmills were well established 
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in the Persian province of Seistan where they were used to pump wrter 
from wells to irrigate gardens. Three centuries 1'ter Al-Qrzwini 
another Persian scholar relctes that the windmills were used to grind 
corn in the same province of Seistan. The first description of the 
Seistan windmill was given by the Syrian cosmogr^pher Al-Dimrshqi 
V 
who described it as having a vertical axis (10. pp. 614-16). 
In Western Europe the windmill was first mentioned in a deed, 
dated about 1180, recording the gift of land near a windmill to the 
abby of St. Sauvere de Vicomte in Normandy. By the 1; te thirteenth 
century, windmills of the post-mill type seemed to be fairly common 
throughout northern Europe. In the post-mill type the whole super¬ 
structure, carrying both sails and machinery was carried on a stout 
vertical post and could be turned about. A variation of the post- 
mill was the sunken post-mill, where the lower pert of the structure 
was "fixed in the ground, being as men say, well affixed; and 
14 
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accordingly they are not movrble. for they cfn not be detrched from 
the ground nor removed without d?mrge to their origin?! structure". 
To save the effort of turning the body of the post-mill the tower- 
mill was developed in the fourteenth century. In this type of mill 
a tower of brick or stone housed the mrchinery end only the top 
carrying the sails were turned to face the wind (36, pp. 623-25). 
The invention of the Wipmolen (hollow post-mill), by the 
Dutch, in 1430 was of much significance. It was first applied to 
drainage and then to other purposes. The hollow post-mill had a 
small post-mi11 body with a shaft pessing down through the center of 
the post to operate machinery below (11, p. 89). 
Wailes reports that the windmill played an important part on 
the coast of the North Sea and the Baltic. The banks of the river 
Zaan, west of Amsterdam, became the mrin industrial district of Holland. 
By the end of the seventeenth century it had 900 windmills (marsh-mills 
included). Other industrial districts deriving their power from wind¬ 
mills were around the towns of Leiden, Rotterdam and Dordrecht. Alto¬ 
gether the United Provinces had some 8000 windmills. 2000 of wich sur¬ 
vived in the year 1900. Some 1306 windmills were still in existance 
in 1950, but many in a damaged state (36, p. 156). The horizontal- 
axis type windmill of western Europe was brought to America in the 
mid-1700's by the Dutch settlers (34, p. 1). 
A man named LaCour built the first windmill to generate 
electricity and put it into service in 1890 in Denmark (28, p. 82). 
By 1908 the Danish had several hundred wind power stations producing 
from 5 to 25 kilowatts (KW) (34, p. 1). 
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Up until the IQSO's, rural homesteads ell across the United 
States used windmills to pump water and to produce electricity. 
Then the government, through the Rural Electrification Act (REA), 
made inexpensive electricity available to the farmer end the windmills 
were abondoned as a source of energy (34, p. 1). 
Literature of Similar Design rnd Nature 
A lengthy and exhaustive investigation revealed several studies 
dealing with the economics of wind-power produced electricity but none 
resembled this researcher's study. 
Studies using the smell wind-power generating systems ?s their 
subject had in common the remoteness of their site, where conventional 
electricity was not available or the cost to run power lines in wes 
too high. Other studies were based on large wind-power generating 
systems. In June, 1973, the National Science Foundation (NSF) and 
the National Aeronautics and Space Administration (NASA) held a work¬ 
shop on wind-energy conversion systems. The following reports came 
from the proceedings of the workshop. 
When Henry M. Clews built his house in the wilds of Maine, he 
asked the local power company to give him an estimate on providing 
him with power. He was quoted that a three thousand dollars invest¬ 
ment would bring the line in and that a minimum charge of fifteen 
dollars per month would be made for the next five years regardless 
of the power used. This high price made him consider mother source 
of energy; the small diesel or gasoline generating set. Taking into 
account capital costs, fuel, and maintenance expenses, he estimated 
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a cost of thirty cents per kilowett-hour from the combustion engine 
generating set--ebout ten times the power comp?ny rete. Instflling 
a 2-kilo'watt Quirk's wind generator, he spent $2, 800 for the complete 
wind-plant system. With no fuel cost, a nominal maintenance expense 
for a quart of oil once every five yeers, end assuming a ten-year 
life on the batteries and twenty-year life on the other components 
and adding the interest costs on the investment, he estimeted the cost 
of the electricity produced by the wind-plant to be fifteen cents per 
kilowatt or about one-half the cost of the gesoline or diesel plfnt 
(22, pp. 165-66). 
Clew's wind-power gener?ting system consists of a 2-kilowrtt. 
three-phase, 115-volt direct current (DC), wind-generFtor mcnufcCtured 
by Quirk of Australia; a rotor, which uses a twelve-foot dirmeter 
propeller with a full-ferthering hub controlled by centrifuge! weight; 
a voltage regulator panel; and ? set of nineteen lerd-pcid storfge 
batteries, which are rated at 130 ampere-hours and 6-volts each. Now 
he has added another unit, rated at 6-kilowptts, manufactured by 
Elektro G.m.b.H. of Winterthur, Switzerland, for testing end evaluation 
(5, pp. 166-67). 
Robert Dodge, of the Pennwalt Corporation, made a cost comparison 
study between solar cells, primary cells, thermoelectric, wind-genera¬ 
tors, and diesel generator, but he left out commercicl power. He con¬ 
sidered commercial power so inexpensive that there was no room for com¬ 
parison with the other alternatives mentioned. Again, the remoteness 
of the site is the major deciding factor for considering alternative 
sources of energy (22, pp. 170-72). 
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In Canada many smell communities are isolated and the citizens 
depend on diesel generating stations for their electricity. Povognituk, 
on the Hudson Bay, was selected as e test site to try a lO-kilowatt 
wind generator developed by the Brace Research Institute of McGill 
University. From the economics available, a net savings of 1,400 
dollars was realized. This figure was obtained by subtracting the 
yearly wind machine costs from the savings in fuel costs. This gene¬ 
rator was considered as a supplement to the diesel generators, to 
economize fuel when the wind was blowing (22, pp. 174-75). 
Eilat, the southernmost settlement in Israel, is another 
isolated community where wind-power is used to produce electricity. 
A 3-kilowatt, 110 volts DC, Jacobs unit supplies the electricity to 
two cottages housing government offices. 
The yearly average output of the wind plant calculated from 
July 1954 to June 1956, was 4,200 kilowatt-hour of which 2,750 
kilowatt-hour or 65.5 percent were actually consumed. The remaining 
1,450 kilowatt-hour on 34.5 percent was regarded as loss incurred 
during battery charging. The Jacobs wind-plant, including the tower 
was $990 freight on board (f.o.b.), New York. The approximate price 
in Eilat was $1,100. The cost of the batteries end installation 
brought the total price to about $2,500 in 1953. This is about $1,000 
per kilowatt installed. The cost of the wind-generated electricity 
was calculated as the annual charges on the investment, together with 
the maintenance cost, divided by the yearly output. The economic 
analysis revealed that the cost of electricity generated by a 2.5 
kilowatt diesel generator was eighteen cents per kilowatt-hour 
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consumed, as opposed to fiteen cents per kilowatt-hour of wind-generated 
electricity. In the comparison, no account was taken of the mainten¬ 
ance cost (32, pp. 326-34). 
Recently, Professor William E. Heronemus of the University of 
Massachusetts at Amherst, estimated the cost of installed kilowatt 
of power for the wind turbines to be $100. But because 2.74 kilowatt 
of installed wind power capacity is needed to equal 1-kilowatt of 
nuclear power plant capacity, the cost is increased to $275 per kilowatt 
to allow comparisons with other power generating systems (19, p. 17). 
Related Literature 
During the 1930's and 1940's small wind-power generators were 
common sights in the rural Great Plains states. Their proven reli¬ 
ability is important to this study, therefore, they will be discussed 
later. The following will be discussed: the most notable past attempts, 
present studies and experiments, and proposed projects. 
A. Small Wind-Power Generating Systems in the United States 
In the 1930's the two most common wind-power generating systems 
were the Windcharger and the Jacobs. The Windcharger came in several 
models, from 6 to 110 volts, and from 200 to 1500 watts (30, p. 44). 
The Windcharger Corporation ceased production on all models except 
a small 200 watt unit in 1953 (21, p. 164). The generating unit alone 
was sold for $475 at that time. 
The Jacobs unit, a heavier machine, was considered a better 
unit than the Windcharger. It came in 32 and 110 volt configurations, 
and ranged from 1500 to 3000 watts (30, p. 44). 
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Marcellus Jacobs himself reported: 
By means of a flyball-governor operated, variable pitch 
speed control, the maximum speed of the propeller was 
accurately and easily controlled, to prevent excessive 
speeds in high winds and storms. It had a three-blade 
propeller to reduce vibrations when the wind-power 
generator changed directions to face the wind. A 15- 
foot diameter propeller produced ample power for the 
generator to develop 400 to 500 kilowatt-hours per 
month, provided there was a wind of 10 to 20 mph for 
two or three days per week. The generator weighed 
400 pounds with a 9-inch diameter armature with a 
9-inch core length. The 60 pounds of wire on the 
field poles gave maximum efficiency with a drain less 
than 100 watts for field coil operation. By placing 
a dual set of heavy grounding brushes on the armature 
shaft, which was 2 inches in diameter, the static 
buildup in the armature, which would jump across the 
main frame through the ball bearings and would wreck 
and damage the bearings, was completely eliminated. 
With the additional large capacity oil-filled condenser 
connected across the generator brushes and frame, any 
damage to the generator from lightning was eliminated. 
An unconditional 5-year grarantee was given with every 
generator against burnout from any cause (22, pp. 155-56). 
The cost of the wind-power generating system was as follows: 
Wind-power generator 
(32 volts-2500 watts) $ 490 
Batteries (21,000 watt- 
hour glass cell, lead- 
acid storage and 10 year 
guarantee) 365 
50-foot self-supporting 
steel tower 175 
$1,030 
This is about $410 per kilowatt as the manufacturing cost of 
the plant. Operating and maintenance costs were largely limited to 
the replacement of the storage battery which, on a ten-year basis, 
was about $36 per year; from records kept of more than 1,000 units 
over a ten-year period, the maintenance cost of repairs was less than 
five dollars per year (22, pp. 156-57). The Jacobs Company stopped 
production of the wind-power generator in 1956 (21, pp. 164-65). 
B. Past Attempts 
In this century, many large wind-power generating systems 
have been proposed or built all around the world. 
The Russians built one of the first large experimental wind- 
power generating systems in 1931. Located near Yalta, on the Black 
Sea, the wind turbine had a rotor 100 feet in diameter, and the tower 
was 100 feet high. It's maximum rated output of 100 KW was obtained 
at windspeeds greater than 24.6 miles per hour (mph). Regulation of 
speed was obtained by controlling the pitch of the blade. The wind 
thrust was absorbed by an inclined strut connecting the housing on the 
top of the tower with the ground. This housing contained the generator 
and controls. The inclined strut, at the ground level, rested on a 
carriage which sat on a circular track. The circular track enabled 
the rotor to be kept facing into the wind. Even though the wind 
machine was crudely made (the blades were made of roofing metal, and 
the main gears of wood), one year, it yielded 279,000 kilowatt-hours 
or 32 percent of power utilization yield (power utilization yield is 
the actual power output divided by the total possible power output) 
(34, pp. 2-3). 
In the United States, Palmer C. Putnam proposed the largest 
(1250 KW) known wind-power generating system to date. With the back¬ 
ing of the S. Morgan 3nith Company, the Smith-Putnam wind-plant ex¬ 
periment was built on a 2,000 foot hill, named Grandpa's Knob in 
Rutland, Vermont, and on August 29, 1941, the blades were rotated 
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for the first time. The wind-power generating system was connected 
into the Central Vermont Public Service Corporation's existing system 
on October 19, 1941 (34, p. 3). 
The design started in 1934 when Mr. Putnam built a house on 
Cape Cod and found "both the winds and the electric rates surprisingly 
high" (24, p. 1). It occured to him to use the wind's energy to supply 
his home with electric energy, and to have the utility company supplying 
back-up power when the wind failed and "storing" the excess energy pro¬ 
duced by the wind-plant (24, p. 2). 
After Putnam computed the size of the wind-plant needed for his 
all-electric home, he found that it had to be a much larger system 
than any of the ones available at that time (24, p. 2). Further study 
led him to the conclusion that an economically attractive solution lay 
in a very large two-bladed, high speed wind generator that would feed 
into the lines of an existing hydro or fossil-steam system (24, p. 2). 
Putnam interested the S. Morgan Shiith Company to fund the 
project with the help of influential persons. The 3nith Company, a 
manufacturer of hydraulic turbines, at that time was seeking to 
diversify its product (24, pp. 2-6). General Electric agreed to 
develop and furnish the electrical equipment at cost, and the Central 
Vermont Public Service Corporation, a subsidiary of the New England 
Public Service Company, agreed to provide the site and tie-in facilities. 
The Central Vermont Public Service Corporation agreed to participate in 
the project because their hydro-capacity was insufficient to carry the 
peak loads and they had to buy power from the Bellows Falls Hydro 
Electric Corporation to meet them. 
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If the unit proved sucessful they hoped to install wind-plants 
to supplement their hydroelectric power system and reduce over-all 
power production and purchase costs (24, p. 6). 
At 6:56 P.M. on October 19, 1941, two years after the decision 
was made to proceed with the project the 1250 KW Smith-Putnam wind- 
power generating system supplied electric power to the network of 
Central Vermont Public Service Corporation for the first time (24, 
pp. 10, 125-26). 
A comprehensive-test program was put into effect. The test 
unit ran intermittingly from October 1941 to March 1945 for a total 
of 1100 hours. Problems connected with first-of-a-kind experimental 
units were encountered. Replacement parts were difficult to obtain 
because of wartime conditions. The test unit suffered a serious mis¬ 
hap in March 1945 as one of the rotor blades broke off at a place 
where the blade root structure was known to be overstressed. Dr. 
John Wilbur, the chief engineer of the project, had recommended that 
the unit should not be operated after it had completed its test pur¬ 
poses earlier in 1945 (24, pp. 10-12). 
Following the blade failure a review of the entire project and 
an estimate of the future of large-scale wind-power was made. The 
results of these studies revealed that a block of six units, modified 
and "cleaned-up", but not redesigned, would cost $190 per kilowatt, 
whereas the worth of those six units (9,000 kilowatts) to the Central 
Vermont Public Service Corporation was about $125 per kilowatt. 
Several suggestions were made to reduce the costs, but it would have 
cost several hundred thousand dollars to test and evaluate these 
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suggestions, and there was no guarantee of success. The S. Morgan 
Smith Company had already spent a million and a quarter dollars and 
the Directors felt it would be unwise to lay out further substantial 
funds. In November 1945, the Directors with the concurrence of Chief 
Engineers Dr. John Wilber and George Jessup decided to abandon the 
project (24, p. 14). 
The Stnith-Putnam wind-power generating system was physically the 
largest wind-plant ever built and tested. The tower was 110 feet high, 
the rotor was 175 feet in diameter with an 11 foot, 4 inch cord, and 
each blade weighed eight tons. The blades were made of stainless 
steel ribs covered with stainless steel skin, the blade pitch was 
adjustable to maintain a constant rotor speed of 28.7 mph. The rotor 
speed was maintained in winds up to 70-75 mph. At higher wind speeds 
the blades were feathered and the unit was brought to a halt. The 
rotor turned an AC synchronous generator that produced 1250 kilowatts 
at wind speeds greater than 30 mph (34, pp. 3-4). The Smith-Putnam 
wind-power generating system was considered a technical success. It 
could have proven to be an economic success had the necessary funds 
been available. 
Percy H. Thomas, an engineer employed by the Federal Power 
Commission (FPC), was responsible for the only efforts by the U.S. 
government to develop large-scale wind power generating systems prior 
to 1972 (22, p. 11). He spent about ten years in a detailed analysis 
of wind power electric generation and its effect on the electric 
utility industry. Thomas wrote four monographs that were publised 
by the Federal Power Commission. The first paper was titled 
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"Electric Power from the Wind" (March 1945), the second "The Wind Power 
Aerogenerator-Twin Wheel Type" (March 1946), the third "Aerodyamics 
of the Wind Turbine" (January 1949), and the fourth was "Fitting Wind 
Power to the Utility Network" (February 1954) (22, pp. 16-18). 
Relying largely on the economic data from the Grandpa's Knob 
experiment, Mr. Thomas concluded that windplants between 5,000 and 
10,000 kilowatts were necessary for economic feasibility (22, p. 12). 
Based on the results of his studies, Thomas proposed two 
large windplants, one of 6500 kilowatts and the other of 7500 kilowatts. 
The 7500 kilowatt unit would be a twin-wheeled, two-bladed propeller 
and the 6500 kilowatt unit, a twin-wheeled three-bladed propeller 
(22, p. 12). Some details of the 6500 kilowatt system were as follows: 
The tower would be 475 feet high, the rotors 200 feet in diameter to 
drive a DC generator to produce 6500 kilowatts at wind speeds greater 
than 28 mph. The DC power from the generator would feed into a DC 
to alternating current AC synchronous converter which supplied the 
electrical network. All the generating equipment was to be housed 
at the top of the tower (34, p. 5). 
The calculated costs, based on estimates and extrapolation 
from Grandpa's Knob, were $68 per kilowatt capacity for the 7500 
kilowatt unit and $75 per kilowatt capacity for the 6500 kilowatt 
unit (22, p. 12). These figures were considerable lower than the 
$190 per kilowatt capacity calculated by the Smith Company; however, 
the $190 per kilowatt capacity was based on actual experience with the 
1250 kilowatt wind-plant and the $68 and $75 per kilowatt capacity 
were estimated (26, p. 7). 
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Both, the Federal Power Commission and The Department of Interior 
were enthusiastic about the construction, testing, and operation of an 
experimental 7500 kilowatt wind-power generating system. The request 
for authorization and funds for the experiment were never fulfilled by 
Congress. A few people believed that the outbreak of the Korean Was in 
1951 had something to do with it. With the end of Percy H. Thomas' 
efforts, the United States' efforts in developing large scale wind 
power generating systems ended for more than 15 years (26, p. 8). 
England was also involved with a wind-energy program from 1945 
to 1960. One of their test units was the Enfield-Andreau wind-turbine, 
set up at St. Albans in the early 1950's. The tower was 100 feet tall 
and the rotor had a diameter of 79 feet. It was rated at 1000 kilowatts 
of AC power in winds of 30 mph. The Enfield-Andreau wind turbine is of 
a particular interest because it used air, instead of gears, to transmit 
the propeller power to the generator. The propeller blades were hollow 
and as they rotated they acted as centrifugal air pumps. Air entered 
at the lower part of the tower through ports and turned on air turbine 
which turned the electrical generator and then went up through the 
tower and out the hollow tips of the blades. Unfortunately, the advant¬ 
ages obtained by eliminating the mechanical coupling were minimized by 
the large internal air duct friction (34, p. 6). 
In 1947, the Danish started a series of investigations on the 
feasibility of using wind power for the production of electricity. 
The first experimental mill was built in 1950 near Vester Egesborg, 
on the island of Zealand. Measurements were taken at various blade 
tip velocities and wind velocities, also the thrust was measured and 
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several devices for making the mill fully automatic were tested. The 
swept area was 7.5 meter (24.61 feet) in diameter (32, p. 229). 
As a result of the Vester Egesborg experiment, a DC wind power 
plant on the island of Bogo was converted into an AC plant. Equipped 
with electric automatics and newly designed blades, the mill was put 
into operation in 1952 and has virtually been in continual operation 
ever since without any apparent defect. The Bogo wind-plant when 
reconstructed was provided with three blades, having a swept area 
diameter of 13.5 meter (44.29 feet) and a 45 kilowatt AC-generator 
(8, p. 229). 
The results of these two experiments were so promising that the 
Association of Danish Electricity Works (Danske Elvaerkers Forening- 
DEF), on a proposal from the South-East Sealand Electricity Co. Ltd. 
(SydostsjaeHands Elektricitets Aktieselskab-SEAS), formed the Wind- 
Power Committee to carry on the wind-power works (32, p. 229). 
The Wind-Power Committee applied for and received grants from 
the Danish Government. First, 200,000 Danish crowns was granted for 
the erection of the experimental mill near Gedser, then 225,000 crowns 
was granted for three wind measuring stations. This was equivalent to 
about $80,000 (32, p. 229). 
The Danish Gedser wind turbine was built in 1957. It had a 
swept area diameter of 24 meters, (79 feet), the tower was 25 meters 
(82 feet) high, and the rotor drove a 200 kilowatt asynchronous 
generator. Maximum output was reached at winds of 33.6 mph (15 m/sec 
wind velocity) (32, pp. 231-32). The Gedser wind turbine was connected 
to the Danish Public Power System and produced about 600,000 kilowatt 
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hours per year. The installation cost for this system was about $205 
per kilowatt. The turbine was stopped in 1968 (34, p. 6). 
It is known that the French built at least two large wind- 
turbines during the 1950's. One, a 130 kilowatt, had a blade diameter 
of about 70 feet (34, p. 7); the other, a 300 kilowatt wind-turbine, 
located at Nogent LeRoi, France, had a blade diameter of about 100 
feet (34, p. 7), and operated from 1958 to 1960 (22, p. 20). 
Dr. Ulrich Hutter directed some work in the 1950's and 1960's 
in Germany. A 10-kilowatt wind-turbine was designed by Dr. Hutter 
in cooperation with the Allgaier Works of Wurttenburg, West Germany. 
It had a swept area diameter of 10 meters (32.81 feet) and operated 
between 1950 and 1960 (22, pp. 19-21). Another Hutter-Allgaier wind 
turbine (1961-1966) produced 100 kilowatts of power in 18 mph winds. 
In this turbine, lighweight, 115-foot diameter fiberglass blades were 
used and the tower was a hollow pipe supported by guy wires. Propeller 
speed was kept constant by changing the pitch of the blades. Dr. Hutter 
also made contributions to the design of high-speed wind-turbine 
rotors. The work by the Germans represents advanced work on large 
wind turbines (34, p. 7). 
C. Present Studies and Experiments 
Considering the wind-power generating systems previously des¬ 
cribed, it is clear that many systems have been built and tested around 
the world. Because of their high cost of installed kilowatt as com¬ 
pared to other conventional methods of producing electricity, these 
systems were not economically competitive and were abandoned as 
possible sources of energy. 
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The increasing cost of fossil-fuel, its possible shortage, and 
the awareness of the pollution created by burning fossil-fuel, has 
caused a search for alternative sources of energy, among them solar 
energy. Wind-power is considered a form of solar energy. 
Presently a large number of concerns (individuals, universities, 
private enterprises, and governments) are conducting research and 
development programs to make the wind a cost corapetitive source of 
energy. The wind itself is free but the hardware to harness it is 
expensive. 
Wind characteristics and siting problems are being studied at: 
the West Texas State University (22, pp. 33-40), the University of 
Oklahoma, (22, pp. 41-45), the University of Alaska (22, pp. 46-52), 
the Oregon State University (22, pp. 53-61), the Electric Research 
Association in England (22, pp. 62-69), and the University of Buenos 
Aires in Argentina (32, pp. 75-84). Several of the individuals in¬ 
volved in studies of wind behavior and suitable sites are: Andre Argand 
(French), Miguel Ballester (Spanish), E. Cambelargin (Danish), E.P. 
Ramakrishnam and S.P. Ven Parteshwaran (Indian), M. Sameki (Japanese), 
K.H. Soliman(Egyptian), J.R. Tagg (British). The range of these 
persons' nationalities are representative of the world-wide interest 
of utilizing the wind as a source of energy (32, pp. 21-68). 
To reduce the high cost per kilowatt output and the relative 
difficulty of constructing a wind-generating plant, Wind-Works, Inc. 
of Mukwonago, Wisconsin, made use of paper honeycomb covered with fine- 
weave fiberglass cloth and resin to construct the blades (22, p. 73- 
74). In the November 1972 issue of "Popular Science", Hans Meyer 
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describes the construction of a small wind-generator with paper honey¬ 
comb blades for $200 (20, pp. 103-05, 142). 
At the National Research Council in Ottawa, Canada, Peter South 
and Ray Rangi developed a vertical-axis windmill or wind-turbine. 
Their final design consisted of a three-bladed vertical-axis rotor. 
The resultant shape of the blade was a catenary curve cut in three 
parts for easier manufacturing and transportion. Performance of 
vertical-axis wind-turbine was plotted in the form of a monogram. 
From the monogram, a 15 foot diameter wind-turbine would produce one 
kilowatt at a wind speed of 15 mph; and at its probable rated speed of 
30 mph, the output would be eight kilowatts. The cost of the vertical- 
axis windmill with a swept area of about 3000 square feet was estimated 
to be one-sixth of the conventional wind-turbine (25). 
The researchers at the Atomic Energy Commission's Sandia 
Laboratories, in Albuquerque, are also experimenting with vertical- 
axis windmill (turbine) but have added two small savonious rotors for 
automatic starts (29, p. 74). At The National Aeronautics and Space 
Administration's (NASA) Langley Laboratories, in Virginia, a variation 
of the Canadian vertical-axis windmill (turbine) is being tested. It 
has two blades instead of three and the blades are made of fiberglass 
on a balsa wood core. NASA's prototype produced 746 watts in a 45 
mph wind (29, p. 76). 
The Princeton Sailwing Windmill, designed by Thomas E. Sweeney, 
is a unique wind-turbine in that it uses sailcloth in its two 25-foot 
blades (22, pp. 70-72). The principal part of each blade is the lead¬ 
ing edge which is shaped and built like the leading edge of an airplane 
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wing. There are no ribs or breces except for the root end the tip 
which are fixed structures. The trailing edge is a ceble stretching 
from the root to the tip. The blade surfeces are sailcloth. At rest, 
the fabric surfaces ere stretched flat. As the blades rotate, the 
flat surfaces assume an airfoil contour (8, p. 71). 
Grumman Aerospece Corporation is testing a three-bladed rotor 
in constrast to Sweeney's two-bladed design, to reduce wobble of the 
blades during start-up. The Company is also assessing its market 
potential (27, p. 41). 
Tom Chalk's bicycle-wheel wind-turbine is light weight at 70 
pounds with a 15 feet diameter. It's both highly efficient (50 per¬ 
cent efficiency) and inexpensive to build. The wheel's precise tension 
and rigidity are built into the construction process: Chalk starts 
with two hub plates and a holding fixture for the rim so that he can 
run spoke wires and thread on thin, hollow eirfoil-blades (17). Each 
blade is a thin "Clark Y" airfoil. During the construction process, 
the hub plates are flat together. He jacks the hub plates apart 
when all the parts are in place, causing the spokes and airfoils to 
become taut. The rim of the turbine acts as the generator. The 
American Wind Turbine Company is planning to produce this unit (17, 
pp. 54-55). 
On the island of Sylt in the North Sea, there is a 70 
kilowatt wind-power generator prototype named Noah supplying the 
electrical needs of five homes. This unit uses two contra-rotating 
sets of blades that are joined directly to the structure. A small 
rotor keeps the windplant facing the wind. This rotor is activated 
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if the wind shifts more than five degrees. A ninety degree shift takes 
less than 30 seconds (17, p. 57). 
D. Proposed Projects 
The National Science Foundation (MSF) has been commissioned by 
the U.S. government to carry out the Nation's Solar Energy programs, 
a part of which is wind energy (34, p. 8). The agency plans to spend 
seven million dollars on windmill research in the 1975 fiscal year 
(35, p. 1055). The five-year National Wind Energy part of the solar 
program calls for: studies, construction, and testing of energy storage 
systems; wind energy coversion systems with and without storage; 
meteorological studies to estimate the energy available to the nation 
from the wind and to determine favorable regions and sites for wind- 
driven energy systems; and studies to identify suitable applications 
for demonstration tests (34, pp. 8-9). The overall objective of the 
five-year program is to develop economical wind energy systems (27, 
P. 41). 
The National Aeronautics and Space Administration (NASA) working 
in conjunction with the NSF will supply the man-power (10-man years 
during the first year with the capability of going to 20-man years 
later) and the NSF will supply the funds (27, p. 41). 
An experimental 100 KW wind-turbine generator designed by NASA's 
Lewis Research Center will be installed at their Plum Brook Station 
facility near Sandusky, Ohio. The unit was scheduled to be in operation 
in 1975 (34, p. 10). The generator, supported by a 100-foot high tower 
and having a rotor 125 feet in diameter, will use technology developed 
earlier in blade, pitch change mechanisms, power transmission mechanisms. 
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and controls (34, p. 12). The key component in the wind generator will 
by the pitch change mechanism. The blades are designed to begin turn¬ 
ing in an 8 mph wind and the generator will reach its rated output of 
100 KW at winds of 18 mph. The pitch change mechanism automatically 
will change the pitch of the two blades to maintain a constant turning 
speed of 40 rpm at wind speeds greater than 18 mph (34, p. 13). 
If the windspeed exceeds 60 mph, the blades will be feathered 
and the machine stopped and secured to prevent damage to the system. 
The machine will also be stopped and secured if the windspeed falls 
below 8 mph since there is no electricity generated at these low 
windspeeds (34, p. 13). 
The alternator and transmission equipment are located on top 
of the tower. The gear box boosts the 40 rpm speed of the rotor to 
1800 rpm in a vertical shaft that takes the power down the tower. The 
output turns a 100 kilowatt, 480 volt, 3 phase, 60 cycle synchronous 
type generator (34, p. 13). 
During operation, the rotor is down wind from the tower to 
minimize the effect of blade vibration on the tower (8, p. 41). At 
first, the electricity generated will be routed through a resistive 
load bank for measurement and then dissipated. Later, it will be fed 
into the electrical power grid at Plum Brook and, because the generator 
will be a testbed for supporting research and technoloby, there will be 
no provisions to store the electricity generated (27, p. 41). 
During the first year of operation, investigations will be 
concentrated on control and operation of the wind generator, forces 
acting on the blades, and interaction between the tower and rotor. 
34 
Also, different blades will be tried in an effort to develop cheaper 
pitch change control mechanisms (27, p. 41). 
The National Aeronautics and Space Administration will award 
contracts for the construction of windplants in two phases. In the 
first phase, contracts will be awarded for conceptual design, para¬ 
metric analysis, and preliminary design of wind-generators in the 
range of 50 to 250 kilowatts (small systems) and in the range of 500 
to 3000 kilowatts (megawatt size systems). In the second phase, con¬ 
tracts will be awarded for detailed design, fabrication, erection and 
operation of the most promising first phase-design (34, pp. 11-12). 
One small and one large unit are expected to be built and be operational 
by the Fall of 1976, according to Ronald L. Thomas, the project manager 
at the Lewis Research Center. The current plan is to have six wind- 
generators operating by 1979 throughout the U.S. (27, p. 41). 
Several energy storage systems are being studied. At present, 
no other battery system appears able to successfully compete with the 
lead-acid battery for bulk energy storage. Programs evaluating the 
ReDox or reduction oxidation cells are underway. Also, research is 
going on in the high energy density fly wheels. Some other ideas for 
storing energy are: compressing air, pumping water to a tower, and 
high pressure electrolysis (34, pp. 14-15; 22, pp. 123-154). 
Professor William E. Heronemus proposes a whole sale use of 
wind power in the U.S. (19, p. 15). He believes that if his visions 
ever came true, windmills could be pumping an annual 65 trillion 
kilowatt hours of electricity into national power grids by the year 
2000 which is about the total yearly amount of electricity presently 
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produced in the United States (35, p. 1056). 
The New England Offshore Wind Power System (OWPS), one of 
Professor Heronemus' proposals, places a large network of windmills 
on floating platforms or concrete-pile Texas towers on the shoals of 
New York and Nantucket. The electricity produced by these windmills 
would run offshore electrolizer stations for producing hydrogen gas 
from seawater. The hydrogen, piped ashore, would be converted by 
direct combustion or fuel cells back into electricity. According to 
Heronemus the pipe link becomes the key to the OWPS. It can transport 
the hydrogen inexpensively, and without energy loss, undersea tanks 
can be connected to store hydrogen (28, p. 85). 
The Offshore Wind Power System would be comprised by 83 wind- 
units, compressor and deep-sea storage systems, offshore collection 
sub-systems, shoreside terminals, distribution sub-systems, and fuel- 
cell substations. Each wind-unit would have 164 wind-stations and each 
wind-station would have three two-bladed windmills driving generators 
of 600 to 2000 kilowatt capacity. The wind-stations would be arranged 
in concentric circles around an electrolyzer station, which would sup¬ 
port its own three-wheel array. The whole system could generate the 
projected 1976-1990 electrical increase (159.2 billion kilowatt-hours 
a year) for New England (28, p. 85). 
Other regions besides New England, have also been under consid¬ 
eration by Heronemus. For example, the whole northern third of the U.S. 
has winds strong and consistant enough to produce electricity. Along 
the East Coast and in the Great Plains, the wind-swept regions go as 
far as the Carolinas and Texas (28, p. 86). 
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P = (k) x ? x A x (24, p. 88) 
where k = 2.14 = non-dimensional proportionality constant to 
convert the energy to watts 
■P = density of the air, in slugs per cubic foot 
- 3 (assume 2.33 x 10 slugs/cu ft) 
9 A = area swept by blade in square feet = Tt R 
V = wind velocity in miles per hour 
Reducing k & P in the equation, the power in the wind is 
approximately: P = .005 AV3 = . 005 x T( R2 x V3 
The latest formula also shows that the power available from the 
wind is proportional to the square of the radius of the propeller. 
The German scientist Betz demonstrated that the maximum theo¬ 
retical power (Pm) that a wind plant can extract from the wind is 16/27 
or 59 percent of the available power (P) in the wind passing through the 
area (A) swept by the propeller (34, p. 98). The power coefficient 
(Cp) of the wind plant is defined as: 
Op = Power 0utPut (25, p. 3) 
Pm 
The windplant, due to aerodynamic and mechanical losses, cannot 
achieve a power coefficient of one(Cp=l). Assuming propellers having 
an aerodynamic efficiency of 70 percent are connected to wind-generators 
having an efficiency of 70 percent, the output power of a wind plant in 
watts with different size propellers is listed in Table 7, Appendix 
A (1, 5). 
C. Generators 
The amount of electricity that a wind power generating system 
can produce is dependent on four things (1, p. 5): 
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Dr. E. Wondel Hewson and his associates at Oregon State 
University, unlike Professor Heronemus, consider wind-power as supple¬ 
mentary to, rather than the substitution of conventional powerplants 
possibly as early as 1980-1985 (28, p. 87). 
Other Related Literature 
The components of the wind power generating system will be 
discussed in the follow section with the energy available in the 
wind and the efficiency of wind machines. 
A. Generating Systems 
A complete self-sufficient wind-power generating system con¬ 
sists of four parts: (1) the windplant itself, (2) the storage system, 
(3) the conversion devices and (4) an optional stand-by generator. 
The windplant consists of the rotor assembly which is rotated 
by the wind, and which in turn drives the generator or alternator, the 
unit that produces the electricity--AC or DC. These two components are 
supported by a tower. The storage system stores the energy for wind¬ 
less days, usually made up by a bank of lead-acid batteries, and the 
conversion devices which convert the generated or stored energy into 
a usable form--generally 115 volts AC (1, pp. 7-14). 
B. Power From the Wind 
In theory, the power available from the wind is proportional to 
the cube of the windspeed, that is, if the windspeed doubles then there 
is eight times more power available from the wind. 
The following equation can be used to calculate the total wind 
power incident to a wind-turbine propeller of area A. 
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1. The amount of •wind blowing on it 
2. The diameter of the propeller 
3. The rated output of the generator 
4. The efficiency of the whole system 
Most generators need to be driven at high speeds (from 1800 to 
5000 revolutions per minute (rpm) for maximum efficiency. Since wind- 
plant speed, especially in the larger sizes, seldom exceeds 300 rpm, one 
must step-up the speed of the generator using belts, sprockets, or gears. 
Large, commercially available units generally use a relatively low- 
speed generator (1000 rpm) and a step-up gear ratio of 5 to 1 (l,p. 7). 
If a generator is required to put out its full electrical output 
at low windspeeds, then a large propeller is needed otherwise, a small¬ 
er propeller would suffice (1, p. 7). In general, generators ere de¬ 
signed to put out their maximum rated wattage at windspeeds of 25 mph, 
thus, sacrificing performance at low windspeeds. Usually, there is no 
usuable output at windspeeds below 6 or 8 miles per hour (mph). The 
power rating of a generator only tells the maximum output of the gene¬ 
rator at a certain windspeed. This windspeed must be know if a person 
desires to know how much power will be obtained from a windplant under 
varying wind conditions (1, p. 8). 
A rough estimate of what can be expected from different size 
wind generators at various average monthly windspeeds is given in 
Table 8, Appendix A. Several assumptions had to be made to arrive at 
the figures which are as follows: (1) wind generators have a top speed 
ratios of 5 to 1 and efficiencies of about 70 percent; (2) there is 
neglibible output below windspeeds of 7 mph; (3) maximum output is 
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reached at 25 mph; (4) electrical efficiency is 70 percent; and (5) 
wind-gusts added 10 percent power to the output. NOTE: Many manufact¬ 
urers refuse to commit themselves to anything as specific as the figures 
listed in the table because the conditions vary so much they could not 
make any specific predictions of long term energy output (1, pp. 9-10), 
The height of the tower depends on the particular site and the 
surrounding area. Ground friction reduces the speed of the wind. 
These losses sometimes reach up to 50 percent, therefore a generator 
should be mounted 30 to 40 feet above the ground. If there are any 
obstacles (trees or buildings) within 400 feet that might block the 
wind or cause turbulance, then the generator should be mounted 20 to 30 
feet above these obstacles. Turbulance can be dangerous to a wind gene¬ 
rator because it exerts unequal wind pressure and wind shear on the in¬ 
dividual blades. 
There are two types of towers: a self-supporting tower and a 
guyed tower. A guyed tower costs less than a self-supporting tower 
and is considered better looking and easier to install. However, the 
guy wires extend out in three directions from the base to about three- 
fourths of the tower height, and there must be space available to 
anchor them. 
D. Batteries 
The only certain thing that can be predicted about the wind 
velocity is that it is not constant therefore a person using the wind 
as a source of energy must store the energy while the wind is blowing. 
Wind records from the Weather Bureau at Dayton, Ohio show the 
following general characteristics, which are typical of ordinary 
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winds (4, pp. 9-11). 
1) In each month, there is a well-defined group of wind velocities 
which predominate, and are called prevalent winds or prevailing 
winds. There is also another group which contains the bulk of 
the energy of each month called energy winds or charging winds. 
2) About three-fourths of the total energy of a given month are 
produced by the energy winds. 
3) Energy winds blow two out of seven days; prevalent winds five 
out of seven days. 
4) Energy winds consist of winds having velocities of 10 to 25 
mph (1, p. 7). 
With daily variations in wind, power storage is the key compon¬ 
ent to a successful wind-power system. At present, lead-acid batteries 
are used for storing the excess energy. 
The lead-acid batteries used in wind systems have thicker lead 
plates than the ordinary automobile batteries and they are designed for 
repeated charging and discharging over a period of many years without 
damage. They can withstand over 1000 cycles (from fully charged to 
fully discharged), and often come with built-in "Pilot Bell" charge 
indicators which tell, at a glance, the state of charge (1, pp. 11-12). 
Batteries are rated in ampere-hours (AH). Batteries come in 
various sizes, from 10 AH to 8000 AH. Up to 150 AH they come as 3-cell 
6-volt batteries, while the larger ones come as single-cell 2-volt 
batteries (1, p. 12). The power available from the batteries is equal 
to the number of amperes (amps) being drawn times the number of hours 
the current being used (or how many amps they can deliver for how long) 
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(31, p. 4). For example: a 200 AH will deliver 1 amp for 200 hours, 
2 amps for 100 hours and 4 amps for 50 hours. The current drawn by a 
device depends on the operating voltage (volts), therefore an ampere- 
hour rating by itself does not indicate the amount of power that can 
be stored in a system. In order to determine this, a voltage must also 
be specified--such as 200 AH at 115 volts. Since the power formula in¬ 
dicates that wattage is equal to the current multiplied by the voltage, 
it can be inferred that ampere-hours times volts equals watt-hours. 
For example: a 200 amp-hour battery system used in a 115 volt system 
will store 200 amp-hour x 115 volts or 23,000 watt-hours or 23 kilowatt- 
hours. A kilowatt (KW) is 1000 watts. A kilowatt-hour (KWH) is 1000 
watts of power used for one hour and this is the measurement the utility 
company uses to charge its customers (1, p. 34). 
E. Conversion Devices 
If an alternator is used to generate electricity instead of a 
generator, an alternating current (AC) is produced. In order to store 
this current it first must be converted into direct current (DC) and 
this is accomplished by passing the AC through a rectifier. The elec¬ 
tricity produced by a generator is direct current and can be sent 
directly to the storage system (1, p. 13). 
Many items function on direct current, and DC pumps and motors 
are readily available. Nevertheless, there are other items that re¬ 
quire alternating current to operate properly, such as radio, tele¬ 
vision, and stereo music systems. Therefore, an inverter is necessary 
to convert the steady DC produced by the battery into an AC of 60 
cycles per second (cps or hertz) (1, p. 13). The size of the inverter 
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is dependent upon the power requirements of the system it will serve. 
It must have the capacity to convert all the power that the system 
might demand at any one time, plus the heavy initial surge of power 
demanded by a pump or a motor when it first starts up. Since elect¬ 
ronic devices are sensitive to the shape of the wave and its frequency, 
inverters must be capable of regulating the AC frequency. 
The mechanical rotary inverter, which is presently available as 
an army-navy surplus item, is inexpensive but is not very efficient-- 
about 60 percent. The more sophisticated electronic, solid state in¬ 
verter is more expensive but its efficiency is also greater--around 
70 to 90 percent (1, p. 14). 
A disadvantage of most inverters is that they draw some power 
even when they are operating under no load conditions. Therefore it is 
advisable to operate the inverter only when necessary (1, p. 14). 
F. Standby Generators 
A final component to the wind-power generating system is an 
optional, standby generator. Normally, an inexpensive gasoline-powered 
generator is purchased to insure that no period without power will 
occur (1, p. 4). 
G. Calculating Power Need (using direct voltage and current) 
Power is measured in watts and it is the product of the current 
(measured in amps) times the voltage (measured in volts). In formula 
form: P = I x V where P = power in watts, I = current in amps, and 
V = voltage in volts. 
Applying simple algebra, it follows: 
I = P/V 
and V = P/I 
To calculate the average monthly power requirements of a home, 
add: the power rating of each bulb, appliance, and motor, multiplied 
by the number of hours of anticipated use for each during the course 
of an average month. By dividing by 1,000 the power demand is con¬ 
verted to kilowatt-hours. 
If the power rating of an item is not given, then its current 
rating will be given and by multiplying the current rating by the 
assumed 115-volts from the utility company, the power consumption of 
the item can be easily found. 
A careful consideration of the monthly power needs may reveal 
that the demand will vary according to the season, and whether or not 
air conditioning and electric heating are included in the calculations 
It is important then to establish a demand that is equal to or less 
than the available power supply. One way to do this is to classify 
electrical needs into two categories: critical and non-critical. 
Critical items may include necessary lighting, water pimp, furnace fan 
and refrigerator. Non-critical may include radio, television, stereo, 
vaccum cleaner, freezer and air conditioning. Table 10, Appendix A 
gives the power requirements of motors in watts (1, p. 37). 
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WIND ENERGY* 
Figure One, reading left to right 
1. Persian Sail Windmill (circa 600) 
The earliest wind machine used for water pumping. First references 
date to 400 B.C. Such windmills were ordinarily of vertical-axis 
design. 
Approximate diameter in feet: 15 x 15 
2. "Dutch" Windmills (circa 1100) 
Used widely in Western Europe and later, to a lesser extent, in the 
United States for pumping and grinding. Similar mills were con¬ 
structed throughout Great Britain. 
Approximate diameter in feet: 80 
3. Mediterranean Sail Windmill (circa 1400) 
Sail windmills were developed in Eastern Mediterranean countries 
to take advantage of light breezes common in the region. Many 
are still in use today, particularly on the Greek island of Crete. 
Approximate diameter in feet: 40 
4. American Farm Windmill (1840) 
Such mills were used throughout North America for rural water 
pumping. In 1890 this machine produced an estimated equivalent of 
1.04 billion kilowatt-hours of work. Several American companies 
still produce such machines. 
Approximate diameter in feet: 8 
5. Flettner Rotor (1926) 
This novel design employed four tapered cylinders for blades. 
The cylinders were rotated by electric motors in order to control 
airflow over their surfaces. A single rotor of this type, called 
the Madaras Rotor, stood 90 feet high in New Jersey. 
Approximate diameter in feet: 65 
6. Savonious Rotor (1929) 
This vertical axis design has found greatest use in developing 
countries, where small amounts of mechanical power are required. 
Construction plans (using oil drum halves) are available from 
Brace Research Institute. 
Approximate diameter in feet: 6x3 
7. Jacobs Wind Plant (1930) 
The Jacobs wind machine is generally considered to be one of the 
best designs to originate from the United States between 1920 and 
1950. Latest models were rated at 110 volts DC and 2.5 KW. 
Approximate diameter in feet: 14 
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8. Darrieus Rotor (1931) 
This vertical axis configuration has attracted great interest. 
A number of groups are working to improve on the basic design. 
Approximate diameter in feet: 15 
9. Smith-Putnam Wind Turbine (1941) 
The Smith-Putnam at Grandpa's Knob, Vermont, was the largest 
wind machine ever built. It was designed to feed current 
directly into the utility company grid, and the system worked 
successfully for several years until a structural failure halted 
its operation. 
Approximately diameter in feet: 175 
10. Venturi Shrouded Wind Generator (1950) 
A shroud, when formed into a venturi and placed about the 
blades of a horizontal axis wind machine, can increase power 
by 20 to 60 percent. It provides the equivalent area of the 
venturi outlet, rather than the area actually swept by the blades. 
Approximate diameter in feet: 5 
11. Enfield-Andreau Wind Turbine (1954) 
A unique French design rated at 100 KW. Two hollow blades forced 
air out of their tips by centrifugal force. Air sucked in at the 
base of the tower ran on air turbine. 
Approximate diameter in feet: 79 
12. Hutter Wind Turbine (1961) 
One of the largest and most efficient wind machines ever built. 
Its advanced aerodynamics provided the basis for a 33 foot diameter, 
6 KW production machine. 
Approximate diameter in feet: 115 
13. Windworks 12 Footer (1973) 
Developed for construction in home workshops, as an alternative to 
expensive mass produced machines. The use of components not de¬ 
signed for wind machine applications makes such generators less 
reliable, but the process is a valuable learning experience. 
Approximate diameter in feet: 12 
14. Princeton Sailwing (1974) 
The Sailwing's airfoils are formed by a flexible skin stretched 
over a span and a cable trailing edge. It is an especially light¬ 
weight, inexpensive and efficient technique. 
Approximate diameter in feet: 25 
15. SST Wind Turbine (1974) 
A recent designed resembling a bicycle wheel. Lightweight tensioned 
spokes (as in a wheel) are used to provide structure. The SST is 
suitable for use in pumping applications, as well as for electrical 
generation. 
Approximate diameter in feet: 15 
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16. Noah Wind Rotor (1974) 
Developed by an international team of engineers, this plant 
employs two sets of contra-rotating propellers, one set on the 
generator armature and another on the casing. 
Approximate diameter in feet: 36 
17. NASA 100 KW Wind Turbine (1975) 
An experimental prototype being assembled for testing near 
Sandusky, Ohio, with support from the U.S. Energy Research 
and Development Administration. Results of the tests maybe 
applied to development of larger wind electric installations. 
Approximate diameter in feet: 125 
*Poster by Windworks 
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Summary 
Since the reign of the Caliph Omar I of Persia, man has made 
use of the kinetic energy in the wind as a source of power. "With the 
coming of the steam engine and the internal combustion engine, use of 
the wind as a source of power declined sharply. Only in the twentieth 
century was the wind used to generate electricity. Because of its 
high cost, wind-power generating systems were only used where commercial 
power was not available or where the remoteness of the site made it 
necessary to use a source of power able to be left unattended for long 
periods of time. 
In the United States the Rural Electification Act made inex¬ 
pensive commercial power available to many farmers in rural America 
who were using wind-generators as their only source of power. Research 
to make wind energy an alternative source of power was practically 
abandoned because of the abundance and cheapness of fossil fuels. 
Recently, interest on wind power as an alternative source of 
power has increased all over the world. In 1961, the United Nations 
held a conference in Rome on new sources of energy, wind-power being 
one of the topics. The National Science Foundation (NSF) in collabo¬ 
ration with the National Aeronautics and Space Administration (NASA) 
held a workshop in June of 1973 on wind-energy conversion systems. 
Studies on small and large wind generating plants have been 
made and proposals have been offered to make wind power generated 
electricity economically competitive with fossil-fuel produced elec¬ 
tricity. 
CHAPTER III 
THE INVESTIGATION 
Introduction 
The purpose of this study was to determine whether or not 
electricity produced by the wind-power generating system could be¬ 
come economically competitive with electricity produced commercially 
by fossil-fuel fired generating plants, by epplying new menufecturing 
techniques to the manufacture of the component p-rts of the wind- 
power generating system. 
Procedures 
To establish a reference point so thst comperisons against the 
cost per kilowatt-hour (KWH) of electricity produced by the utility 
company could be made, 1975 prices for the wind-power generating 
systems were arbitrarily chosen by the investigator. It must be 
noted that the prices quoted in this study are subject to be changed 
at the discretion of the manufacturers and distributors. 
Complete wind-power generating plants and systems that are 
commercially available range in size from 200 watts to 12,000 watts, 
and cost from $400 to over $28,000. 
A complete wind-power generating system was developed with 
component parts obtained from those distributors whose prices were 
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less expensive. The power output of this particular system was calcu¬ 
lated on the basis of the rated output of the selected generator and 
the diameter of the propeller it uses. 
The formula used for this calculation was: 
P=kxfxAxV3x (16/27) x .7 x .7 x 1.1 
where k — 2.14, a non-dimensional proportionality constant to 
convert the kinetic energy in the wind to watts (24, p. 88) 
•P — density of the air (assume =2.33 x 10 ^ slugs/cu. ft.) 
2 2 A = area swept by the propeller (A = tf x D /4 or 'rt x R 
(24, p. 88) 
V = velocity of the wind in miles per hour (24, p.88) 
(16/27) = efficiency of the perfect windmill (24, p. 98) 
.7 = 70 percent aerodynamic efficiency (25, p. 3) 
.7 = 70 percent mechanical and electrical efficiency 
1.1 = 10 percent more power due to wind gusts (31, p. 5) 
p = .005 x rVx V3 
The national average usage of electricity in kilowatt-hour per 
home in a month was 647.42 KWH, and the national average cost per KWH 
was 2.54 cents in 1973 (Table 11, Appendix B). In Georgia, the aver¬ 
age home owner used 845.17 KWH per month and paid 2.02 cents per KWH 
in 1973 (Table 11, Appendix B). In the Tampa Bay area the average 
home owner used 1000 KWH per month and paid 3.93 cents per KWH in 
September 1975 (23). 
It should be noted that the average home uses more power per 
month than the 245 KWH that the 6000 watt-generator would put out in 
a month having an average windspeed of ten miles per hour. 
In order to establish a power demand which is less than or 
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equal to the available power supply a hypothetical low-energy residence 
was designed. 
Wind measurements from February 1974 to February 1975 taken at 
the International Airport of Tampa by the National "Weather Service was 
used to calculate the monthly and annual output of the designed wind- 
power generating system at that particular location. It must be em¬ 
phasized that since the wind is subject to local terrain and weather 
conditions, wind measurements should be taken on the proposed location 
where the wind-power generator and tower will be erected and the wind 
data obtained from the nearby National Weather Service should be used 
as guidelines only. 
The cost of the complete wind-power generating system was re¬ 
duced to annual charges according to the life expectancy of each com¬ 
ponent part. The compounded interest calculated for each part was 
also reduced to annual charges in accordance to the life expectancy 
of the part. The formula used to calculate the compounded interest 
was (9, pp. 34-37). 
A=Pi (1+1)n 
(1 + i)n-l 
where A = end-of-period payment or receipt in a uniform series con¬ 
tinuing for the coming n periods, the entire series 
equivalent to P at interest rate i (annual payment or 
annui ty) 
P = present sum of money 
i = interest rate per interest period 
n = number of interest periods 
' (1 ' )n The expression —   1 is called the capital recovery factor (erf). 
(1 - i)n-l 
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The annual charge of the wind-power generating system was divided by 
the annual output of the system to obtain the cost of electricity. 
The following formula was used: 
Cost per KWH in cents = annual charge in cents 
annual output in KWH 
The calculated cost of electricity for the wind-power gene¬ 
rating system was compared against the cost and calculated cost of 
electricity that the utility company charges and will charge its 
residential customers. The projected cost of electricity for the 
utility company was calculated according to different rates of in¬ 
crease (Table 12, Appendix B). 
Several manufactured items were selected and the effect of 
mass production techniques on the unit price of the item was noted. 
New developments in the manufacturing technology field in¬ 
volve a more extensive use of computers in the control and manage¬ 
ment of manufacturing machines and systems. One such new develop¬ 
ment is called computer-manrged parts manufacture (CMPM) (2). 
In a computer-maneged parts manufacturing system a number 
of machines are linked together through a common control computer, 
and through a part transfer, load-unload system. The computer 
routes the workpiece to the necessary machines, selects the proper 
tools, executes the proper operations and returns the finished part 
to the operator for unloading. The operator by loading a new work- 
piece services a system of machines rather than a single machine 
(2, p. 27). 
The manufacture of an item by mass-production techniques 
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calls for a special set of production machines that will produce a 
part in the most efficient manner. Such machines are expensive and 
if the cost of installation is to be recovered the demand for that 
part must be large enough to keep the machines running almost con¬ 
tinuously. Many manufactured items do not have sufficient demand to 
justify the purchase and installation of specialized machines, there¬ 
fore those items are produced on general-purpose machines (machines 
that are capable of being adapted to making a variety of parts) and 
their cost per part is high compared with the cost per part of parts 
produced in large quantities. Between the production of a single 
part with general-purpose tools and the production of the same part 
by the most efficient mass-production method lies an intermediate 
production rate where parts are made in "lots" or batches. In batch- 
produced parts, both the cost per part and the quantity produced are 
moderately high. 
In batch production it is still necessary to use general- 
purpose machines but some degree of automation is economically justi¬ 
fied with a corresponding reduction in the machining cost per part. 
Parts made in this fashion may cost between ten to thirty times more 
than they would if they were mass-produced, this is because of the set¬ 
up costs and the inventory. If a small batch is produced the setup 
costs per part is high and if a large batch is produced the setup 
costs are low, but the subsequent inventory costs are high (2, p. 15). 
In a computer-managed parts manufacturing system the usual 
concept of an economic batch size does not apply because the setup 
costs are very low and therefore a small batch can be run efficiently 
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as a large batch. The cost of holding in inventory parts that are 
either finished or in process can be held to e minimum and become 
almost negligible. It has been estimated that the average machine 
tool in a conventional shop is cutting metal between three to ten 
percent of the time, whereas in a computer-managed parts manufacturing 
system the metal-cutting time can be fifty percent or more. Since 
fewer persons are needed to work in a computer-managed parts manufact¬ 
uring system, direct savings in labor costs are realized (2, pp. 27-28) 
With a computer-managed parts manufacturing system in operation, 
the anticipated result is a cost reduction by a factor of from five to 
ten, in other words, a cost reduction of from 80 to 90 percent (Table 1) 
(2, p. 28). 
TABLE 1 
COST REDUCTION FACTOR AND ITS EQUIVALENT % REDUCTION 
Reduction factor % reduction Reduction factor % reduction 
1.1 9.09 5 80 
1.2 16.67 6 83. 33 
1.3 23.08 7 85.71 
1.4 28. 57 8 87.50 
1.5 33.33 9 88.99 
1.6 37.50 10 90 
1.7 41.18 15 93. 33 
1.8 44.42 20 95 
1.9 37.37 30 96. 67 
2.0 50 50 98 
2.5 60 80 98.75 
3 66.67 90 98.89 
4 75 100 99 
Mr. Nathan H. Cook in an article he wrote in the February 1975 
issue of "Scientific American" said: 
In the U.S. the CMPM system that probably has been in operation 
longest is the Heavy Machining Center at the Ingersoll-Rand plant 
in Roanoka, Va. Built by the Sundstrand Corporation, the install¬ 
ation has six machines arranged around a looped transfer system. 
The system is capable of manufacturing some 500 completely diffe¬ 
rent parts. At any one time it can accommodate as many as 16 parts 
of different design, either being machined, waiting in queue to be 
machined or on the transfer system. In the present configuration 
of the system there are about 500 tools, 200 of which are in auto¬ 
matic tool-changing carousels at any one time. The entire system, 
which can be regarded as replacing a typical shop of 30 machines 
and 30 workers, is operated by c team of only three people and a 
supervisor (2, p. 28). 
Cost reduction for the wind-power generating system can be real 
ized by applying the computer-managed parts menufecturing system to the 
production of its component parts. By lowering the overall cost of the 
wind-power generating system the cost of electricity per KWH will be re 
duced proportionally. 
The Wind-Power Generator 
The Elektro generator, model WG50GT rated at 6000 watts with a 
rotor diameter of 16.5 feet was selected for analysis in this investi¬ 
gation. It was selected because of its size and representation of a 
typical wind-power generating system. 
Data From Utility Company 
The local power company was contacted to obtain the cost of 
electricity and the cost of bringing lines in. 
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Summary 
There are several manufactures of wind-power generators and 
the other components of the wind-power generating system. A wind- 
power generating system can be bought complete or by parts. The 
system used in this study as an example was formed by purchasing the 
component parts from the manufacturers or distributors whose prices 
were less expensive. 
The output of the system at a particular location was cal¬ 
culated and the cost of electricity per kilowatt-hour was derived 
from the annual charges for the system and its annual output. The 
calculated cost of electricity from the wind-power plant was com¬ 
pared with the cost of electricity from the utility company. 
Future costs of electricity were calculated after applying 
computer-managed parts manufacturing methods to the production of the 
wind-power generating systems. These new costs of electricity from 
the wind-power generating plant were compared with the projected 
costs of electricity from the utility company. 
CHAPTER IV 
ANALYSIS OF DATA 
Wind-Power Generating System 
The Elektro generator, model WG50GT, which is rated at 6000 
watts and has a rotor diameter of 16.5 feet was selected as the gene¬ 
rator for the wind-power generating system. Its current cost from 
Real Gas and Electric Company is $3,750 including all automatic con¬ 
trols for unattended use. A 40 foot steel guyed tower at a cost of 
$575 to support the generator; a 540 AH, 115 volt battery set for 
$3,375; a 115V-60Hz, 3000 watts continuous power and 15,000 watts 
surge power capacity solid-state inverter for $1,500; and a 3500 
watt backup engine generator for $649.95 completed the designed wind- 
power generating system. Adding $1,018.99 for interest the total cost 
of this wind-power generating system was $10,668.94 exclusing shipping 
charges. 
Table 2 on page'58 gives the monthly and yearly output of the 
wind-power generating system at various average monthly windspeeds. 
This table was provided to give the output of the Elektro WGSOGT, 
which is rated at a peak output of 6000 watts in a windspeed of 30 
mph. Its cut-in windspeed is 10 mph, and its shut-down windspeed 
is 45 mph. Table 8 in Appendix A gives the full output of generators 
at a rated windspeed of 25 mph. If this generator were to put out 
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its full capacity at a windspeed of 25 mph, the propeller diameter 
would have to be increased to about 21.5 feet. 
TABLE 2 
AVERAGE OUTPUT OF THE ELEKTRO WG50GT 
Average Monthly 
windspeed (mph) 
Average Monthly 
output (KWH) 
Average Yearly 
output (KWH) 
6.0 53.28 639.36 
6.5 67.68 812.16 
7.0 84. 24 1010.88 
7.5 103.68 1244.16 
8.0 126.00 1512.00 
8.5 151.20 1814.40 
9.0 179.28 2151.36 
9.5 210.96 2531.52 
10.0 245.52 2946.24 
10.5 284.40 3412.80 
11. 0 327.60 3931.20 
11.5 373.68 4484.16 
12.0 424.80 5097.60 
12.5 480.24 5762.88 
13.0 540.00 6480.00 
13.5 604.80 7257.60 
14.0 674.64 8095.68 
14.5 749.52 8994.24 
15.0 830.16 9961.92 
15.5 915.84 10990.08 
16.0 1007.28 12087.36 
16.5 1104.48 13253.76 
17. 0 120®.16 14497.92 
17.5 1317.60 15811.20 
18.0 1434.24 17210.88 
18.5 1556.64 18679.68 
19.0 1686.24 20234.88 
19.5 1823.04 21876.48 
20.0 1967.04 23604.48 
NOTE: These figures were based on average monthly windspeeds. 
Calm and gusty months may be +/-50 percent of these estimates. 
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Demand Analysis 
In the hypothetical low-energy residence, power demand was 
classified into two categories: (1) critical electrical needs and 
(2) non-critical or convenience electrical needs. 
The critical power demand was composed of: (a) four incan¬ 
descent bulbs of 60 watts each with a monthly hour use of 600 hours, 
(b) a conventional refrigerator with average power need of 66 KWH 
per month, and (c) an oil burner with a motor rated at 1/8 horse¬ 
power and 250 watts, run for an average of 64 hours per month. 
While the non-critical power demand was composed of: (a) a black 
and white television set rated at 237 watts and run for 120 hours a 
month, (b) a solid-state stereo set rated at 60 watts and run for 
50 hours, (c) a blender rated at 350 watts and operated for 3 hours, 
(d) a washing machine of the ringer type rated at 275 watts and 
operated for 15 hours a month, and (e) a vacuum cleaner rated at 
630 watts and used for 6.4 hours a month. The critical power demand 
was calculated to be 118.00 KWH and the non-critical power demand 
40.65 KWH. The average total monthly demand was about 160 KWH 
(see Table 3, page 60). A gas stove, gas heater, and a gas hot water 
heater provided for the other necessities. 
Power Supply and Wind Analysis 
The wind data for Tampa, Florida used in this study were 
obtained from the National Weather Service. It should be noticed 
that a specific local condition can vary significantly, and therefore, 
for more accurate wind data, measurements must be taken of each 
selected site. 
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TABLE 3 
AVERAGE MONTHLY POWER DEMAND OF THE 
LOW ENERGY RESIDENCE 
Name 
Average 
Rating in 
Watts 
Average Monthly 
Use (HRS) 
Average Monthly 
Power Demand 
in Watts 
Critical 
Light Bulbs 60 (4 units) 600 36,000 
Conventional 
Refrigerator 66,000 
Oil Burner (1/8 HP) 250 64 16,000 
Non-Critical 
Television (B & W) 237 120 28,440 
Stereo (solid-state) 60 50 3,000 
Blender 350 3 1,050 
Washing Machine 
(ringer) 275 15 4,130 
Vacuum Cleaner 630 6.4 4,030 
TOTAL WH/month 158,650 
or KWH/month 158.65 
The National Weather Service takes measurements every hour on 
a 24-hours a day basis. The recorded observations available to the 
researcher were those made at 3-hour intervals (see Appendix C). 
A careful investigation of Appendix D will reveal for example 
that in February 1974 the wind had a speed in excess of 10 mph 47 per¬ 
cent of the time and it produced 302.04 KWH of power. The following 
outputs per month were calculated for the designed wind-power gene¬ 
rating system: February 1974, 302.04 KWH; March 1974, 280.08 KWH; 
April 1974, 306.16 KWH; May 1974, 272.14 KWH; June 1974, 159.76 KWH; 
July 1974, 114.65 KWH; August 1974, 91.99 KWH; September 1974, 100.37 
KWH; October 1974, 270.04 KWH; November 1974, 180.23 KWH; December 1974, 
186.44 KWH; and January 1975, 184.95 KWH. For the 12-months period. 
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the wind-power generator system put out 2448.85 KWH with an average 
of 204.07 KWH per month (see Table 4, page 62). In the calculations 
all windspeeds below 10 mph were dismissed. 
Even though the average monthly supply of electricity was 
204.07 KWH, during the summer months when the winds were calm there 
was a deficit of power supply. Conversely, in the winter there was 
more than enough power to meet the demand of the home. For example, 
during the month of February there was an excess power supply 
of over 140 KWH, while during the month of August a deficit of 67 KWH 
existed or about 42 percent of the total power demand was needed (see 
Table 4, page 62). 
To meet the power shortages during the summer months the 
demand may be reduced by using less light or watching less television 
or by turning on the auxiliary or stand-by generator. 
A quick way to roughly estimate the power supply of a particular 
location is to take the average monthly windspeed and calculate the 
power output per month, multiply it by 12 and the average yearly output 
is found. Table 2, page 58 gives the average monthly and yearly outputs 
of the Elektro WG50GT at different average monthly windspeeds. 
Various average windspeeds around the country are found in 
Table 5. 
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TABLE 4 
EXCESS POWER SUPPLY TO THE HOME AND 
POWER DEMAND BY THE HOME 
Monthly Monthly Excess Excess 
Month Supply KWH Demand KWH Supply KWH Demand KWH 
February 302.04 158.65 143.39 
March 280.08 158.65 121.43 
April 306.16 158.65 147.51 
May- 272.14 158.65 113.49 
June 159.76 158.65 1.11 
July 114.65 158.65 -44 
August 9.199 158.65 -66.66 
September 100.37 158.65 -58.28 
October 270.04 158.65 111.39 
November 180.23 158.65 21. 58 
December 186.44 158.65 27.79 
January 184.95 158.65 26.30 
Total 2,448.85 1,903.80 713.99 -168.94 
TABLE 5* 
AVERAGE WINDSPEEDS AT DIFFERENT 
CITIES IN THE UNITED STATES 
Average Average 
Station Windspeed Station Windspeec 
(mph) (mph) 
Albany, N.Y. 9.0 El Paso, Tex. 9.3 
Albuquerque, N.M. 8.8 Galveston, Tex. 10.8 
Atlanta, Ga. 9.8 Helena, Mont. 7.9 
Boise, Idaho 9.6 Kansas City, Mo. 
o
 
o
 
f—1
 
Boston, Mass. 11.8 Knoxville, Tenn. 6.7 
Bismark, N.D. 10.8 Louisville, Ky. 
00
 
Buffalo, N.Y. 14.6 Memph is, Tenn. 9.9 
Burlington, Vt. 
I
—1
 
o
 
r—1
 Miami, Fla. 12.6 
Chattanooga, Tenn. 6.7 Minneapolis, Minn. 11.2 
Cheyenne, Wyo. 11.5 Mt. Washington, N.H. 36.9 
Chicago, 111. 10.7 New Orleans, La. 7.7 
Cincinnati, Ohio 7.5 New York, N.Y. 14.6 
Cleveland, Ohio 12.7 Oklahoma City, Okla. 14.6 
Denver, Colo. 7.5 Omaha, Neb. 9.5 
Des Moines, Iowa 
i
—1
 
o
 
1—1
 
Pensacola, Fla. 10.1 
Detroit, Mich. 10.6 Philadelphia, Pa. 10.1 
Deluth, Minn. 
GN]
 
i
—1
 
Pittsburgh, Pa. 10.4 
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"TABLE 5-continued" 
Station 
Average 
Windspeed 
(mph) 
Station 
Average 
Windspeed 
(mph) 
Portland, Maine 8.4 San Diego, Calif. 6.4 
Portland, Ore. 6.8 San Francisco, Calif. 10.5 
Rochester, N.Y. 9.1 Savannah, Ga. 9.0 
St. Louis, Mo. 11.0 Spokane, Wash. 6.7 
Salt Lake City, Utah 8.8 Washington, D.C. 7.1 
United States Weather Bureau records of the average windspeed 
at select stations. The period of record ranges from 6 to 84 years, 
ending 1954. No correction for height of station above ground. 
*Table 5 was taken from Mark's Standard Handbook for Mechanical 
Engineers. 
Wind-Power Generating System Cost Breakdown 
The cost analysis of the, Elecktro generator model WVG50GT, 
wind-power generating system must include the expected life of the 
equipment and the interest on the invested money. 
Based on the 25-year life expectancy of the generator the 
annual cost was $162.87. The tower has an indefinite life expectancy 
but it was assumed that it would last as long as the component with the 
longest definite life expectancy (25 years), therefore, its annual 
cost was $16.29. The battery set will last longer if each battery has 
the same rating and the same age as the rest of the batteries in the 
set. Under normal usage the batteries will last about 10 years, and 
the annual cost would be $385.55. The inverter is another component 
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that has an indefinite life expectancy, and based on 25 years usage, 
the annual cost was $65.15. The back-up engine generator will last 
indefinitely with regular maintenance. With a 25-year life expectancy 
the annual cost would be $28.23. The annual cost for the wind-power 
sustem was calculated at $658.09 (see Table 6, page 65). 
From Table 4 it was found that a deficit of about 160.00 KWH 
existed during the summer months. To supplement the wind-power system 
during the calm months a 3500 watt, 8 HP, single voltage (120 volt) 
engine-generator was used. The engine-generator runs approximately 2 
hours on one full tank of fuel, the tank capacity being one gallon. 
To generate 160 KWH the engine generator had to run for approximately 
45 hours, and burn 24 gallons of fuel. At a cost of 60 cents per 
gallon, the annual operating cost of the engine generator was $14.50 
plus maintenance cost. If the annual maintenance cost for the wind- 
power generating system and the engine generator did not exceed $25.00, 
the operating cost for the wind-power generating system would be $39.50. 
If the annual charge for the wind-power generating system was about 
$697.59 and its annual output approximately 2448.85 KWH, the cost of 
electricity per KWH in cents was $28.49. Neglecting the initial cost 
of the system and on the basis of the annual operating cost, the cost 
per KWH was 1.6 cents (see Table 6). 
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TABLE 6 
ANNUAL COST OF WINDPLANT 
Life 
Component Cost Interest Expectancy Annual Cost 
(years) 
Wind-power generator $3,750.00 $ 321.79 25 $162.87 
40 foot steel tower 375.00 32.18 25 16.29 
Battery set 3,375.00 480.53 10 385.55 
Inverter 1,500.00 128.72 25 65.15 
Engine generator 649.95 55.77 25 28.23 
$9,649.95 $1,018.99 $658.09 
ANNUAL OPERATING COSTS OF WINDPLANT 
Annual fuel cost for back-up unit 
Maintenance cost  
$14.50* 
25.00 
$39.50 
*Assuining 49 hours of operating time (output of 171.50 KWH), 
consuming 1/2 a gallon of fuel per hour, and 60 cents per 
gallon. 
TOTAL ANNUAL CHARGES 
Annual cost of windplant + annual operating costs $658.09 + $39.50 = 
$697.59 
COST OF ELECTRICITY IN CENTS PER KILOWATT 
Total annual charges: $697.59 (69759 cents) 
Total annual output: 2448.85 KWH 
Cost cents /KWH 69759^ _ in//Ta.nT 
2448.85 KWH " 
Neglecting initial investment: 
Cost cents/KWH = 2448 85 KWH = 1.61^/KWH 
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Electricity from the Utility Company 
The cost of electricity per KWH came down steadily until it 
reached its lowest cost in 1968 at 1.64 cents per KWH for the Georgia 
Power Company consumer. Since then it has steadily climbed, along with 
the rate increase. Taking first the 1968 figure, the increases were as 
follows: from 1,64 cents per KWH in 1968 to 1.65 cents in 1969, an in¬ 
crease of one percent over the previous year; in 1970 the cost stayed 
the same, a zero percent increase over the previous year; in 1974 the 
Georgia Power consumer paid an average of 1.73 cents per KWH, an in¬ 
crease of five percent; a ten percent increase occured from 1971 to 
1972, the cost per KWH went up to 1.90 cents; in 1973 the cost of 
electricity went up to 2.02 cents per KWH, an increase of six percent; 
a large increase occured in 1974, the average Georgia Power customer 
paid 2.48 cents per KWH, twenty-three percent increase; and in 1975 
another large increase occurred, from 2.48 cents per KWH in 1974 to 
3.41 cents per KWH in 1975, an increase of thirty-eight percent. The 
average annual increase was 11.86 percent. 
The national average cost of electricity per kilowatt has also 
increased since its lowest value around 1968. For example from 1971 
to 1975 the cost per KWH were 2.09 cents, 2.30 cents, 2.53 cents, 
3.24 cents, and 3.58 cents respectively. Since 1967 the annual national 
average rate of increase has been 7.5 percent. 
Assuming that the cost of electricity increases at: a three 
percent rate per year, the cost of a KWH in 25 years will be 7.14 cents; 
with a five percent rate increase per year, in 15 years the cost per KWH 
will be 7.09 cents; if a seven percent rate increase is assumed, the cost 
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of a KWH will be 7.18 cents in 11 years; and if a nine percent annual 
rate is assumed in 9 years a KWH of electricity will cost 7.41 cents 
vsee Table 12, Appendix B). To put the initial cost of the wind-power 
generating system into perspective and to allow for comparision with 
commercial power the following initial costs from the utility company 
were obtained: 
a) It costs $1.50 per foot ($7,920 per mile) for one-phase, small 
loads primary voltage line 
b) It costs $5.00 per foot ($26,400 per mile) for three-phase, 
large loads primary voltage line 
c) It costs $10,560 per mile for one-phase, 12,000 primary volts 
underground cable 
d) It costs $19,114 per mile for three-phase, 12,000 primary volts 
underground cable 
e) It costs $9,504 per mile for one-phase, 240 secondary volts 
underground cable 
f) It costs $11,880 per mile for three-phase, 240 secondary volts 
underground cable 
g) It costs $7 50 each for a one-phase transformer 
h) It costs $5,000 each for a three-phase transformer 
Comparison of Projected Costs 
Mass production coupled with technological advances has had a 
dramatic effect in the field of electronics. William C. Hottinger 
said in 1974: 
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In circuits consisting of more than 200 transistors (once 
regarded as "large-scale integration", or LSI), the cost 
for each transistor is now no more than one cent. By 
the end of the decade the cost per transistor in inte¬ 
grated circuits could well drop by a factor of 30 or so, 
at which point a transistor will be about as cheap as 
a word printed on the page of a hardcover book (14, p. 48). 
Until the development of the metal-oxide-semiconductor (MOS) 
technology most desk calculators were assembled from electromechanical 
components and cost between $500 and $1,000. By 1971, essentially all 
the electronics were incorporated into one complex MOS device, as a 
result pocket and desk calculators are (1976) available for $20 and 
$100 and up for the more sophisticated calculator type. 
In 197 5 Andre' G. Vacroux wrote in the Scientific American: 
Today chips ("chip" of silicon substrate) less than a 
quarter of an inch on an edge can incorporate well over 
20,000 components. As a result the cost per component 
has in 10 years dropped by a factor of more than 100, 
from about 20 cents to a small fraction of a cent 
(33, p. 32). 
The reduction factors, 30 and 100 or 96.67 and 99 percent re¬ 
duction respectively (see Table 1), quoted in these two articles may 
be indicative of the type of reduction factors that can be expected 
if new manufacturing techniques are developed and applied to any 
industry. 
A new concept in batch manufacturing techniques has been in 
operation since 1972 at the Heavy Machining Center at the Ingersoll- 
Rand plant in Roanoke, Virginia. It is called computer-managed parts 
manufacture (CMPM) and it strives toward a completely automatic factory. 
CMPM systems represent the newest development in the application of 
computer technology for reducing the cost of machining parts in small 
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batches. The Heavy Machining Center can handle workpieces as large as 
3x3x3 feet (27 cubic feet). Machining operations include milling, 
turning, boring, tapping and drilling. At any one time, the system can 
accomodate as many as 16 different parts, with 200 different tools avail¬ 
able for selection by the computer from the automatic tool-changing 
carousels. 
If CMPM systems become available to produce components for the 
wind-power generating system then a cost reduction in (the wind-power 
generating) the system can be expected. 
With a reduction factor of two or 50 percent reduction, the cost 
of the system is $5,442.54. Keeping the same annual operating cost of 
$39.50 the cost of electricity is 15.23 cents per KWH. Assuming the 
utility rate goes up 7 percent a year, in 22.5 years the cost of elec¬ 
tricity will be 15.64 cents per KWH. Therefore, it would take approxi¬ 
mately 22 years for the cost of electricity from the wind-power gene¬ 
rating to be approximately the same as the cost of electricity from the 
utility company. The cost per KWH would be approximately the same in 
17.5 years if the rate of increase for the electricity from the utility 
company is 9 percent. At 3 and 5 percent annual rate increase for the 
cost of electricity from the utility company, the cost in cents per KWH 
from the wind-power generating system would be 113 and 32 percent more 
respectively at the end of 25 years--the estimated life for the wind- 
power generating system. 
A 75 percent reduction (reduction factor of 4) in the cost of the 
wind-power generating system would being its price down to $2,673.54. 
Maintaining the annual operating cost of $39.50 the generation of 
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electricity would be 8.22 cents per KWH. Utility electricity would 
cost approximately the same in 30 years if the utility rate increases 
at 3 percent per year; in 18 years at 5 percent increase; in 13 years 
at 7 percent increase; and in 10.5 years at 9 percent increase. 
If the anticipated cost reduction factor of from 5 to 10 is 
achieved, the cost of electricity from the wind-generating system will 
be between 7.06 and 4.26 cents per KWH. With a cost rate increase of 
3 percent a year for the electricity from the utility company, it would 
take between 24.5 and 7.5 years for the electricity produced by the 
wind-power generating system to be cost competitive with it, with a 
5 percent increase, between 15 and 4.5 years, with a 7 percent increase, 
between 10.5 and 3 years and with a 9 percent increase between 8.5 and 
2.5 years. 
Using On-Site Windspeed Measurements 
The wind-power generating system output used to obtain the cost 
in cents per KWH was the output of a 6000 watt gnerator and the wind data 
from the Tampa Bay area for a 12 month period beginning February 1974. 
The average wind speed for the 12 month period being 8.33 mph would 
have given an average annual output of 1705.38 KWH. The actual output 
of 2448.85 KWH (44 percent more than the average output) computed from 
the daily 3-hour interval measurements can be attributed to windy months. 
A higher monthly average windspeed will increase the output of 
the generator and therefore reducing the cost per KWH. 
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Increasing Tower Height 
By increasing the height of the tower, the speed of the wind 
also increases. Mark's Mechanical Engineering Handbook gives the 
following equation which describes the wind speeds over an unobstructed 
plain for different heights above the ground. 
V _ /H_\ where V = windspeed at height H 
Vo \ o/ H = actual height 
Vo = reference windspeed 
Ho = reference height 
The exponent n has a range from 1/2 for winds below 5 mph 
to 1/7 for winds over 35 mph, but the average for the windspeeds deal¬ 
ing with wind power (5 to 35 mph) is 1/5 (4, p. 9-13). 
A sample calculations follow: Assuming a windspeed of 10 mph 
at 40 feet; find the windspeed at 50, 60, 70, 80, 90, and 100 feet. 
V-g^xvo 
f50\1/5 ? V =40 x 10 = 1.25 x 10 = 1.046 x 10 = 10.46 mph 
V = ^ x 10 = 1.50'^ x 10 = 1.084 x 10 = 10.84 mph 
/70\ 2 V = — I x 10 = 1.75" x 10 = 1.118 x 10 = 11.18 mph 
V = 
80\1/5 9 
^■1 x 10 = 2 x 10 = 1.149 x 10 = 11.49 mph 
/g Q\ 1 / ^ 9 
V = |g) x 10 = 2.25 x 10 = 1.176 x 10 = 11.76 mph 
(l00\ .2 V = 1 ^qI x 10 = 2.5' x 10 = 1.201 x 10 = 12.01 mph 
An increase in the windspeed will increase the output of the 
wind-power generating system because the power output of the wind gene¬ 
rator is proportional to the cube of the windspeed. 
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Summary 
The cost of a complete wind-power generating system was cal¬ 
culated by using current prices of each component. Its annual cost 
was found by assuming a ten-year life expectancy for the battery bank 
and a twenty-five year life expectancy for the rest of the components. 
To this annual cost the calculated annual operating cost was added to 
find the total annual expense. 
Wind data obtained form the National Weather Bureau of Tampa 
was used to calculate the annual output of the wind-power generating 
system. The annual expense was divided by the annual output to find 
the cost of a KWH. 
Projected costs of electricity produced by the utility com¬ 
panies were calculated by assuming a certain annual rate increase. 
Projected costs of electricity produced by the wind-power 
generating system were found by using the calculated cost of the 
complete system and the output for a twelve-month period beginning 
February 1974, and assuming a cost reduction of the system by apply¬ 
ing computer-managed parts manufacturing methods to the production 
of the systems hardware. 
Wind-power generating system output may be increased by in¬ 
creasing the tower height. 
CHAPTER V 
FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS 
Introduction 
The hypothesis of the study was that: Electricity produced 
by wind-power generating systems can become cost competitive with 
electricity produced by fossil fuel fired generating plants 
The projected cost of electricity produced by the utility 
company was calculated by using a compounded annual rate of increase 
over a period of twenty-five years. The projected cost of electricity 
produced by the wind-power generating system was calculated by assuming 
a cost reduction factor of 2, 4, 5, and 10 achieved by the application 
of the computer-managed parts manufacturing system to the production of 
the hardware of the wind-power generating system. 
Findings and Conclusions 
During the investigation, a complete wind-power generating 
system with a 6000 watt rated output generator could be bought for 
$10,000 and up. 
Wind-power produced electricity was more expensive than the 
utility produced electricity and could not compete with it if power 
lines were available to the consumer. If the power lines were not 
readily available to the average Georgia Power consumer, it would 
have cost him between $7,920 and $26,400 per mile, or $1.50 per 
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foot for one-phase, small loads primary voltage and $5.00 per foot for 
three-phase, large loads primary voltage, to bring the lines in. 
Therefore, to the consumer who lives two or more miles away 
from the nearest power lines it will be cheaper to purchase a wind- 
power system even though he may have to reduce his power consumption. 
Underground cables are more expensive. Georgia Power quotes the 
following costs at this time. 
a) Between $10,560 per mile for one-phase, 12,000 primary volts and 
$19,114 per mile for three-phase, 12,000 primary volts. 
b) Between $9,504 per mile for one-phase, 240 secondary volts and 
$11,880 per mile for three-phase, 240 secondary volts. 
Transformer costs are approximately $750 each for a one-phase 
and $5,000 each for a three-phase transformer. 
Certainly where new power lines are considered, wind-power 
produced electricity may be economically competitive with electricity 
from fossil-fuel fired plants. Otherwise, at commerical rates wind- 
power produced electricity costs approximately six times as much as the 
commercially produced electricity. 
Since 1968 the cost per KWH from Georgia Power has more than 
double, and the national average cost has gone up 174 percent. The 
annual rate of increase of the cost of electricity from Georgia Power 
has been 11.86 percent while the annual national average rate increase 
has been 7.5 percent. Assuming an average rate increase of 9 percent, 
the cost of a KWH will double in 8.5 years and triple in 13 years. 
Maintaining the 9 percent annual rate increase for 24.5 years would 
bring the cost of electricity from the utility company to same level 
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as the cost of electricity from the wind-power generating system. 
Cost competitiveness by the wind-power generating system 
cannot be achieved in the future unless the system's cost is reduced 
drastically. A 75 percent cost reduction in the wind-power generating 
system must be realized before it can become economically competitive 
with commercial plants. The cost of electricity is expected to be 
the same from both sources at the end of approximately 30 years if 
the annual cost rate of increase for the commercial plants is 3 percent. 
At 7 percent increase the cost would be the same in 13 years. Achiev¬ 
ing cost reduction factors of 5 and 10, in other words reduction per¬ 
centage of 80 and 90 percent, for the wind-power generating system 
would make its production of electricity competitive with the utility 
cost rate in 10.5 and 2.5 years respectively. 
Unfortunately, wind-power generating systems do not provide 
the national average load of 800 KWH per month in an average windspeed 
of 10 mph. Therefore, the consumer must limit his power consumption 
or be forced to operate the engine-generator frequently. Operating 
the engine-generator more hours will increase the annual operational 
charges and as a result a higher cost per KWH. 
There are generators with larger output capacities than the 
6000 watt generator used in this study, but at the time the study was 
being conducted there were no proven figures for these generators. 
These new generators may be considered as prototypes and testing was 
still being performed on them. 
It was concluded that for the wind-power produced electricity 
to be cost competitive with fossil-fuel produced electricity, the cost 
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of the hardware must come down by at least a factor of four (75 percent 
reduction) and the annual rate increase of the fossil-fuel produced 
electricity must be 5 percent. Any increase in the reduction factor or 
the annual rate would make the wind-power generating system more 
attractive. 
Increasing the output capacity of the wind-power generator to 
meet the average household electrical demand will make it more accept¬ 
able by the general public. 
At the time of this study many persons believed that the fossil 
fuel supply was becoming alarmingly low and the possibility of having 
a renewable source of energy was a welcome relief. Features such as 
the non-polluting characteristics and the low operating costs of the 
wind-power generating systems increase their desirability. 
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Re commendat i ons 
If the cost of electricity produced by the wind-power gene¬ 
rating system is economically competitive with the fossil-fuel produced 
electricity, the power output may not be sufficient to satisfy the de¬ 
mand of the average consumer. It is recommended that the capacity of 
the wind-power generator be increased to a level that will provide the 
consumer with most of the modern conveniences. 
Where densely populated areas make the erection of the small 
wind-power generating system impractical, a large scale wind-power 
system may provide for the needs of various residences. Large scale 
wind-power generating systems are also in the testing stages and NASA 
has one 100 KW unit in operation now. With the large scale wind-power 
generating systems, there is the same difficulty as with the small scale 
wind-power systems, namely, the high cost of the systems. 
Extensive studies should be made on the possibility of using 
CMPM systems on the production of small and large scale wind-power 
generating system hardware. Another possibility of using the wind- 
energy would be as an integral part of a hybrid system, where solar 
energy, methane gas, or wood may be included. 
Studies on solar energy have shown that it can be used to heat 
and cool a home, and to heat water at costs comparable to other systems. 
The production of electricity from solar energy has been proven to be 
feasible but high component costs makes it impractical. 
Integrating wind-power and solar energy would make a home self- 
sufficient in the near future provided the economic barrier is bridged. 
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therefore research and development should be geared toward developing 
methods to achieve that goal. 
Summary 
Advanced industrial societies, such as the United States', 
have become dependent on the use of external energy so that the lack 
of it leads to disruption in an otherwise orderly way of life. A good 
example of this is the power failure in 1966 in the north-eastern part 
of this country. 
Fossil fuels provide the bulk of external energy available to 
advanced industrial societies but fossil fuels are a fast depleting 
source of energy and a source of pollution. The search for renewable, 
low or zero polluting sources of energy have led to the consideration 
of the following natural sources of energy: solar energy, geothermal 
energy, tidal power and wind-power. 
Wind-power, like the other low polluting energy sources, has 
two major drawbacks relative to fossil fuels: It must be stored and 
is low-energy intensive in terms of output per unit volume, hence 
larger energy systems, than the fossil-fuel energy system are necessary 
to produce the same amount of power. However, once the initial invest¬ 
ment has been made the cost of fuel is generally nothing, the mainten¬ 
ance costs are generally low, and there is no pollution to be concern¬ 
ed with. 
At the time of the investigation the initial investment that had 
to be made for the wind-power generating system made the cost of electri¬ 
city from the wind-power generating system uneconomical as compared to 
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the commercially available electricity. For the wind-power produced 
electricity to be economically competitive with the utility produced 
electricity, it was found that the cost of the wind-power generating 
system would have to come down 75 percent and the cost of utility 
produced electricity would have to increase at an annual rate of 
7 percent for the next 13 years. 
It has been recommended that wind-power be integrated with 
other sources of energy, especially solar energy. Solar energy tech¬ 
nology has developed to a point where it is economically feasible to 
heat and cool a home and technologically possible to obtain electricity 
directly through solar cells. Unfortunately, solar cells, like wind- 
power generating system hardware are expensive. Perhaps studies could 
be conducted to find ways to reduce the manufacturing costs of both 
solar cells and wind-power generating system hardware. 
APPENDIX A 
WIND-DRIVEN GENERATOR OUTPUT IN WATTS 
AVERAGE MONTHLY OUTPUT IN KILOWATT-HOURS 
POWER REQUIREMENTS OF MOTORS IN WATTS 
POWER, CURRENT, & MONTHLY KWH 
CONSUMPTION OF VARIOUS HOME APPLIANCES 
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TABLE 9 
POWER REQUIREMENTS OF MOTORS IN WATTS 
Electric Running Starting (Watts ) 
Motor Size (Watts) Induction Capacitor Split Phase 
1/6 hp 275 600 850 2050 
1/4 hp 400 850 1050 2400 
1/3 hp 450 975 1350 2700 
1/2 hp 600 1300 1800 3600 
3/4 hp 850 1900 2600 - 
1 hp 1100 2500 3300 - 
TABLE 10 
POWER, CURRENT, & MONTHLY KWH CONSUMPTION OF VARIOUS HOME 
APPLIANCES (THESE ARE AVERAGES, NOT EXACT VALUES) 
Appliances 
Power 
in 
Watts 
Current Required 
in Amps 
at 12V at 115V 
Time Used 
per mo. 
in hrs. 
Total 
KWH 
per mo 
Air Conditioner 1, 566 30.0 13.7 74.0 116.0 
Blanket, electric 177 14.5 1.5 73.0 13.0 
Blender 350 29.2 3.0 1.5 0.5 
Broiler 1,436 120.0 12. 5 6.0 8.5 
Clothes Dryer 4,856 405.0 42.0 18. 0 86.0 
Clothes Dryer, gas 325 27.0 2.8 18. 0 6.0 
Coffee Pot 894 75.0 7.8 10. 0 9.0 
Dishwasher 1,200 100.0 10.4 25. 0 30.0 
Drill (-£■" elec. ) 250 20.8 2.2 2.0 .5 
Fan (attic) 370 30.8 3.2 65. 0 34.0 
Freezer (15 cu. ft. ) 341 28.4 3.0 29. 0 100.0 
Freezer (15 cu. ft. 
frostless) 440 36.6 3.8 33. 0 145.0 
Frying Pan 1,196 99.6 10.4 12.0 15.0 
Garbage Disposal 445 36.0 3.9 6.0 3.0 
Heat, electric base¬ 
board, ave. size 
home 10,000 832.0 87.0 160. 0 1600.0 
Iron 1,088 90.5 9.5 11.0 12.0 
Lightbulb, 75 watt 75 6.25 .65 120. 0 9.0 
Lightbulb, 40 watt 40 3.3 .35 120. 0 4.8 
Lightbulb, 25 watt 25 2.1 .22 120.0 3.0 
Oil Burner, 1/8 hp 250 20.8 2.2 64. 0 16.0 
Range 12,207 1020.0 106.0 8.0 98.0 
Record Player (tube) 150 12. 5 1.3 50.0 7.5 
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TABLE 10-continued 
POWER, CURRENT, & MONTHLY KWH CONSUMPTION OF VARIOUS HOME 
APPLIANCES (THESE ARE AVERAGES, NOT EXACT VALUES) 
Power Current Required Time Used Total 
Appliances in in Amps per mo. KWH 
Watts at 12V at 115V in hrs. per mo. 
Record Player (solid 
state) 60 5.0 . 52 50.0 3.0 
Refrigerator 
freezer (14 cu. ft.) 326 27.2 2.80 290. 0 95.0 
Refrigerator 
freezer (14 cu. ft. 
frostless) 615 51.3 5.35 250.0 152.0 
Skill Saw 1,000 83.5 8.7 6.0 6.0 
Sun Lamp 279 23.2 2.4 5.4 1.5 
Television/B&W 237 19.8 2.1 110.0 25.0 
Television/color 332 27.6 2.9 125.0 42.0 
Toaster 1,146 95.5 10.0 2.6 3.0 
Typewriter 30 2. 5 .26 15.0 .45 
Vacuum Cleaner 630 52.5 5.5 6.4 4.0 
Washing Machine 
(automatic) 512 42.5 4.5 17.6 9.0 
Washing Machine 
(ringer) 275 23.0 2.4 15.0 4.0 
Water Heater 4,474 372.0 39.0 89.0 400.0 
Water Pump 460 38.3 4.0 44.0 20.0 
APPENDIX B 
COST OF ELECTRICITY 
COST OF POWER LINES 
PROJECTED COST OF ELECTRICITY 
TABLE 11 
COST OF ELECTRICITY 
Year 
Georgia 
Average 
Residential 
Use (KWH) 
Georgia 
Average 
Residential 
Cost (0/KWH) 
National 
Average 
Residential 
Use (KWH) 
National 
Average 
Residential 
Cost (0/KWH) 
1928 460 7.5 440 6.7 
1938 1400 2.8 850 4.2 
1948 2299 2. 05 1550 3.1 
1958 3836 2.05 3400 2.5 
1968 7208 1.64 6057 2.2 
1969 7940 1.65 6571 2.1 
1970 8732 1.65 7066 2.09 
1971 9146 1.73 7380 2.09 
1972 9395 1.90 7691 2. 30 
1973 10142 2.02 8079 2.53 
1974 - 2.48 - 3. 24 
1975 
- 3.41 - 3.58 
TABLE 11 
COST OF POWER LINES 
Overhead Power Lines (Primary Voltage) 
One Phase, small loads ($1.50/foot) $ 7,920/mile 
Three Phase, large loads ($5.00/foot) $26,400/mile 
Underground Cable 
12,000 Volts Primary Lines 
One Phase, small loads 
Three Phase, large loads 
240 Volts Secondary Lines 
One Phase, small loads 
Three Phase, large loads 
($2.001 foot) 
($3.62/foot) 
($1.80/foot) 
($2.25/foot) 
$10,560/mile 
$19,114/mile 
$ 9,504/mile 
$11,880/mile 
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TA.BLE 12 
PROJECTED COST OF ELECTRICITY 
Annual Increase of the Cost of 
Utility Produced Electricity at 
3% 5% 7% 9% 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
3.41 
3.51 
3.62 
3.73 
3.84 
3.95 
4.07 
4.20 
4.32 
4.45 
4. 58 
4.72 
4.86 
5.00 
5.16 
5. 31 
5.47 
5.64 
5.81 
5.98 
6.16 
6.34 
6.53 
6.73 
6. 93 
7.14 
3.41 
3. 58 
3.76 
3. 95 
4.14 
4.35 
4.57 
4.80 
5.04 
5.29 
5.55 
5.83 
6.12 
6.43 
6.75 
7.09 
7.44 
7.82 
8.21 
8.62 
9.05 
9. 50 
9.98 
10.47 
11.00 
11.55 
3.41 
3.65 
3.90 
4.18 
4.47 
4.78 
5.12 
5.48 
5.86 
6.27 
6.71 
7.18 
7.68 
8.22 
8.79 
9.41 
10.07 
10.77 
11.52 
12.33 
13.20 
14.12 
15.12 
16.17 
17.30 
18.51 
3.41 
3.72 
4.05 
4.42 
4.81 
5.25 
5.72 
6.23 
6.79 
7.41 
8.07 
8.80 
9.59 
10.45 
11.40 
12.42 
13. 54 
14.76 
16.09 
17.53 
19.11 
20. 83 
22. 71 
24.75 
26. 98 
29.40 
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APPENDIX D 
WIND-POWER GENERATING 
SYSTEM OUTPUT - TAMPA, FLORIDA 
COST REDUCTION OF THE WIND- 
POWER GENERATING SYSTEM 
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TABLE 13 
WIND-POWER GENERATING 
SYSTEM OUTPUT - TAMPA, FLORIDA 
FEBRUARY 1974 - JULY 1974 
February March April 
Generator No.of Generator No. of Generator No.of Generator 
Knots MPH Output Hours Output Hours Output Hours Output 
9 10.35 379 69 26151 51 19329 39 14781 
10 11. 50 519 57 29583 66 34254 90 46710 
11 12.65 691 24 16584 36 24876 66 45606 
12 13.80 897 63 56511 66 59202 51 45747 
13 14.95 1141 42 47922 21 23961 27 30807 
14 16.10 1425 27 38475 39 55575 27 38475 
15 17.25 1753 15 26295 24 42072 21 36813 
16 18.40 2127 3 6381 3* 6381 15 31905 
17 19.55 2552 12 30624 - - 6 15312 
18 20.70 3029 3 9087 - - - - 
19 21.85 4155 - - - - - - 
20 23.00 4810 3 . 14430 3 14430 - - 
Total » • « Output watts 302043 280080 306156 
May- June July 
Generator No. of Generator No. of Generator No. of Generator 
Knots MPH Output Hours Output Hours Output Hours Output 
9 10. 35 379 48 18192 54 20466 54 20466 
10 11.50 519 90 46710 57 29583 57 29583 
11 12.65 691 36 24876 12 8292 39 26949 
12 13.80 897 66 59202 33 29601 18 16146 
13 14.95 1141 30 34230 6 6846 3 3423 
14 16.10 1425 36 51300 - - 9 12825 
15 17.25 1753 9 15777 12 21036 3 5259 
16 18.40 2127 6 12762 6 12762 - - 
17 19. 55 2552 - - 3 7656 - - 
18 20.70 3029 3 9087 3 9087 - - 
19 21.85 4155 - - - - - - 
20 23.00 4810 - - 3 14430 - - 
Total • ■ • Output watts 272136 159759 114651 
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TABLE 13-continued. 
WIND-POWER 
SYSTEM OUTPUT - 
AUGUST 1974 - 
GENERATING 
TAMPA, FLORIDA 
JANUARY 1975 
August September October 
Generator No. of Generator No. of Generator No.of Generator 
Knots MPH Output Hours Output Hours Output Hours Output 
9 10.35 379 48 18192 54 20466 87 32973 
10 11.50 519 60 31140 45 23355 69 35811 
11 12.65 691 12 8292 12 8292 60 41460 
12 13.80 897 21 18837 27 24219 51 45747 
13 14.95 1141 9 10269 6 6846 21 23961 
14 16.10 1425 - - 3 4275 15 21375 
15 17.25 1753 3 5259 3 5259 18 31554 
16 18.40 2127 - _ - - 6 12762 
17 19.55 2552 - - 3 7656 6 15312 
18 20.70 3029 - - - - 3 9087 
19 21.85 4155 - - - - - - 
20 23.00 4810 - - - - - - 
Total .... Output watts 91989 100368 270042 
Knots MPH 
Generator 
Output 
November 
No.of Generator 
Hours Output 
December 
No.of Generator 
Hours Output 
January 
No.of Generator 
Hours Output 
9 10.35 379 75 28425 42 15918 51 19329 
10 11.50 519 81 42039 60 31140 72 37368 
11 12.65 691 18 12438 36 24876 21 14511 
12 13.80 897 33 29601 21 18837 30 26910 
13 14.95 1141 12 13692 12 13692 12 13692 
14 16.10 1425 18 25650 21 29925 12 17100 
15 17.25 1753 3 5259 9 15777 15 26295 
16 18.40 2127 3 6381 6 12762 - _ 
17 19. 55 2 552 3 7656 - - 6 15312 
18 20.70 3029 3 9087 3 9087 - - 
19 21.85 4155 - - - - - - 
20 23.00 4810 - - 3 14430 3 14430 
Total ■ • Output watts 180228 186444 184947 
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TABLE 14 
COST REDUCTION OF THE 
WIND-POWER GENERATING SYSTEM 
50% Reduction (reduction factor of 2 
Component 
Wind-power generator 
Tower 
Battery bank 
Inverter 
Engine generator 
Cost 
$1,875.00 
287.50 
1,687.50 
750.00 
324.50 
$4,924.50 
Interest 
$160.89 
24.67 
240.27 
64. 36 
27.85 
$518.04 
Annual operating cost 
Total annual expense 
Cost cents/KWH = = 15.23*/KWH 
Yearly Cost 
$ 81.44 
12.49 
192.78 
32. 57 
14.09 
$333.37 
39.50 
$372.87 
60% Reduction (reduction factor of 2.5) 
Component 
Wind-power generator 
Tower 
Battery bank 
Inverter 
Engine generator 
Cost 
$1,500.00 
230.00 
1,350.00 
600.00 
259.60 
$3,939.60 
Interest 
$128.72 
19.74 
192.21 
51.49 
22.28 
$414.44 
Yearly Cost 
$ 65.15 
9.99 
154.22 
26.06 
11.28 
$266.70 
Annual operating cost 39.50 
Total annual expense $306.20 
Cost cents/KWH — 30619.521 2448.85KWH 12.50^/KWH 
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TABLE 14-continued 
COST REDUCTION OF THE 
WIND-POWER GENERATING SYSTEM 
70% Reduction (reduction factor of 3.3) 
Component 
Wind-power generator 
Tower 
Battery bank 
Inverter 
Engine generator 
Cost 
$1,125.00 
172.50 
1,012.50 
450.00 
194.70 
$2,954.00 
Interest 
$ 96.54 
14.80 
86.88 
38.61 
16.71 
$339.35 
Yearly Cost 
$ 48.86 
7.49 
109.94 
19. 54 
8.46 
$194.29 
Annual operating cost 39.50 
Total annual expense $233.79 
Cost cents/KWH = = S1-55*/™ 
75% Reduction (reduction factor of 4] 
Component 
Wind-power generator 
Tower 
Battery bank 
Inverter 
Engine generator 
Cost 
$ 937.50 
143.75 
843.75 
375.00 
162.25 
$2,462.25 
Interest 
$ 80.45 
12.34 
72.40 
32.18 
13.92 
$211.29 
Yearly Cost 
$ 40.72 
6.24 
91.62 
16.29 
7.05 
$161.91 
Annual operating cost 39. 50 
Total annual expense $201.41 
Cost cents/KWH - ^elsSKWH = 8-22^/KWH 
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TABLE 14-continued 
COST REDUCTION OF THE 
WIND-POWER GENERATING SYSTEM 
80% Reduction (reduction factor of 5) 
Component Cost Interest Yearly Cost 
Wind-power generator $ 750.00 $ 64.36 $ 32.57 
Tower 115.00 9.87 4.99 
Battery bank 675.00 96.11 77.11 
Inverter 300.00 25.74 13.03 
Engine generator 129.89 11.15 5.64 
$1,969.80 $207.23 $133.35 
Annual operating cost 39.50 
Total annual expense $172.85 
Cost cents/KWH = = 7.06«/KWH 
Reduction (reduction factor of 10) 
Component 
Wind-power generator 
Tower 
Battery bank 
Inverter 
Engine generator 
Cost 
$ 375.00 
57. 50 
337.50 
150.00 
64.90 
$ 984.90 
Interest 
$ 32.18 
4.93 
28.96 
12.87 
5.57 
$ 84.51 
Yearly Cost 
$ 16.29 
2.50 
36.65 
6.51 
2.82 
$ 64.76 
Cost cents/KWH = 10426.42^ 2448.85KWH 
Annual operating cost 39.50 
Total annual expense $104.26 
= 4.26^/KWH 
APPENDIX E 
MANUFACTURERS AND DISTRIBUTORS OF WIND-POWER GENERATING HARDWARE 
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MANUFACTURERS AMD DISTRIBUTORS OF 
WIND-POWER GENERATING HARDWARE 
ENVIRONMENTAL ENERGIES, INC. 
21243 GRAND RIVER 
DETROIT, MICHIGAN 48219 
PRICE LIST - 1975 
(Price subject to change without notice) 
COMPLETE SYSTEMS 
A. Winco Complete (30 KWH per month) 
Windplant - 200 watt 12 volt 
Battery Set - 245 AH 12 volt battery bank $ 475 
Inverter - 200 watt 12 volt to 110 VAC inverter 175 
Tower - with 10 foot tower plus tax, FOB Detroit 125 
$ 775 
B. Dunlite Complete (200-225 KWH per month) 
Windplant - 2000 watt Dunlite Wind System with 
Diatran control panel 
Battery Set - 245 AH battery system (5 year warranty) 
Inverter - 3000 watt Inverter (solid state) 
Tower - 40 foot angle iron tower, plus tax 
FOB Detroit 
$6900 
C. Jacobs Complete 
Windplant 
Battery Set 
Inverter 
Tower 
3000 watt 110 VDC 60X Jacobs 
375 AH battery system (5 year warranty) 
3000 watt inverter (solid state) 
40 foot tower (three leg angle iron) 
plus tax, FOB Detroit 
$9500 
D. Elektro Complete 
Ely special quote only 
E. Used Systems 
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TOWER PRICES - 1975 
Three leg angle Iron Price (FOB Detroit) 
10 foot stub $ 200 
20 foot tower 375 
30 foot tower 595 
40 foot tower 795 
50 foot tower 895 
60 foot tower .   995 
60 foot pipe tower 1595 
85 foot pipe tower 1995 
100 foot pipe tower  2695 
INVERTERS 
Solid State 110 DC to 115 VAC 
Creative Continuous Surge Efficiency Price 
Electronics Power Power FOB Detroit 
110-100 1000 watts 5000 watts 90%+ $1200 
110-300 3000 watts 15000 watts 90%+ 1500 
110-500 5000 watts 25000 watts 90%+ 2500 
Wilmore 500 watts 1000 watts 80%-90% 369-399 
(12-24 VDC 
input) 
BATTERIES 
Delatron Price AH Rating Equivalent Wattage 
Series 250 FOB Chicago Equivalent 
125 VDC System 
Model 6-375 $125 each 375 AH at 20 18.75 amps 2000 watts+ 
hour rate discharged (20 hrs) 
for 20 hrs 
Model 6-245 90 each 245 AH at 20 12.25 amps 1400 watts+ 
hour rate discharged (20 hrs) 
for 20 hrs 
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ENERGY ALTERNATIVES, INC. 
P.O. BOX 233 
LEVERETT, MASSACHUSETTS 01054 
PRICE LIST - 1975 
Approx, KWH 
per mo. assuming 
10 mph average 
windspeed 
Wind 
Generator 
Manufacturei 
Volts 
DC Watts Description Price 
20 Winco 12 200 brush type 
10' tower $ 445 
20 Winco 24 200 brush type 
3' tower 495 
30 Lubing 24 400 brushless type 
3' tower 2780 
30 Lubing 24 400 brushless type 
20' tower 3730 
30 Lubing 24 400 brushless type 
30' tower 3995 
30 Lubing 24 400 brushless type 
40' tower 4155 
50 Dunlite 24 800 brush type 2070 
60 Dunlite 32 1000 brush type 2070 
100 Dunlite 32-110 2000 brushless type 3110 
75 Elektro 12 1200 brushless type 2510 
75 Elektro 36-110 1200 brushless type 2390 
125 Elektro 36-110 2200 brushless type 3245 
230 Elektro 110 4000 brushless type 4245 
325 Elektro 110 6000 brushless type 4895 
250 Jacobs 32 1800 brush type 3750 
350 Jacobs 32 2500 brush type 4000 
400 Jacobs 110 3000 brush type 4000 
For Dunlite models, 3-legged, 2 
stays 
10'. . . . $330 
30'. . . . 660 
40'. ... 850 
TOWERS 
1/4" x 3/16" main angles and twisted 
50'. ... $ 990 
60'. . . . 1180 
70'. . . . 1695 
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INVERTERS 
12 VDC/110 VAC, 300 watts, w/battery charger $ 164 
12 VDC/110 VAC, 500 watts, w/battery charger  201 
110-VDC/110 VAC, 2000 watts, sine wave   3780 
110 VDC/110 VAC, 2500 watts, sine wave 4155 
110 VDC/110 VAC, 3000 watts, sine wave , . .    4690 
BATTERIES 
2 volt/270 AH, expected 10-year life (Australian)  $ 39.00 
6 volt/118 AH, expected 7-year life (United States)  49.80 
PROPELLER BLADES 
5' 7' 6" 10' 
Douglas Fir $25.00 $37.50 $50.00 
Sitka Spruce 30.00 45.00 60.00 
PENNWALT 
AUTOMATIC POWER DIVISION 
P.O. BOX 18738 
HOUSTON, TEXAS 77023 
PRICE LIST - JULY 1975 
(Prices subject to change without notice) 
AEROWATT WIND GENERATORS (Revised 7/9/75) 
Stock No Description Blade Output Amount KWH Price 
Diameter 16 mph aver. 10 mph 
9035-0028 24FP7 3.3' 28 watts 126 $ 2,735 
9035-0029 15FP7 6.7' 130 watts 628 4,550 
9035-0030 300FP7 10.7' 350 watts 1600 7, 255 
9035-0031 1100FP7 16.7' 1125 watts 3900 14,500 
9035-0032 4100FP7 30.7' 4100 watts 13100 34, 350 
DC SOLID STATE CONTROLLERS 
9010-0113 Model 24FP12 (12 volts) $ 510 
9010-0107 Model 150FP12 (12 volts)   1180 
9010-0108 Model 150FP24 (24 volts)   1180 
9010-0112 Model 300FP24 (24 volts)   1235 
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enertech corporation 
P.O. BOX 420 
NORWICH, VERMONT 05055 
PRICE LIST 
(Prices subject to change without notice) 
A. Basic System Series 5000 - $11,508 
Windplant - Elektro WG 50G (5000 watt) 
Tower - 40' galvanized steel guyed tower 
Battery set - 450 AH, 115 volt (5-year guarantee) 
Inverter - 5 KW, sine wave 
Estimated monthly output in KWH: at various windspeeds 
8 mph 200-310 KWH 
12 mph 400-620 KWH 
16 mph 600-930 KWH 
B. Basic System Series 2000 - $6,600 
Windplant - Dunlite 2000 (2000 watt) 
Tower - 40' galvanized steel guyed tower 
Battery set - 180 AH, 115 volt (5-year pro-rated guarantee) 
Inverter - 2 KW, sine wave 
Estimated monthly output in KWH at various windspeeds 
8 mph 80-125 KWH 
12 mph 160-250 KWH 
16 mph 235-370 KWH 
C. Basic System Series 200 
Windplant - Wincharger 1222H (200 watt) $403 
Tower - 10' stub 110 
Battery set - 12 volt, 120 AH (7-year guarantee) 
Inverter - 200 w tt 55 
$568 
Estimated monthly output in KWH at various windspeeds 
8 mph 10-14 KWH 
12 mph 19-26 KWH 
16 mph 26-36 KWH 
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OPTIONS 
Battery Bank 
Series 200 
240 AH, 12V, 7-year pro-rated guarantee . 
220 AH, 12V 5-year pro-rated guarantee 
Series 2000 
120 AH, 115V, 7-year pro-rated guarantee 
262 AH, 115V, 5-year pro-rated guarantee 
144 AH, 115V, 20-year life expectancy . . 
Series 5000 
524 AH, 115V, 5-year pro-rated guarantee 
360 AH, 115V, 7-year pro-rated guarantee 
360 AH, 115V, 20-year life expectancy . . 
subtract 
add . . . 
add . . , 
add 
add 
add 
$ 220 
133 
75 
646 
2446 
503 
107 
4626 
Towers 
Series 2000 and Series 500 
Steel guyed towers including top adaptor 
30' substract $ 48 
50' add 245 
60' add 327 
70' add 406 
80' add 607 
90' add 692 
100' add 898 
Self-supporting 3-leg steel towers including top adaptor 
30' add $ 139 
40' add 264 
50' add 542 
60' add 794 
70' add 1414 
Inverters 
Series 200 
300 watts, 12VDC/115VAC, 60 hertz, frequency regulated . . $252 
200 watts, 12VDC/115VAC, 60 hertz, frequency regulated . . 55 
300 watts, 12VDC/115VAC, 60 hertz, non-frequency regulated 110 
Series 2000 and Series 5000 
1. Automatic load-surging sine wave, solid state, fully 
protected for over and under voltage and over current, 
frequency and voltage stablized 
1000 watt add $1264 
1500 watt add 2078 
106 
2000 watt add $2379 
2500 watt add 2839 
3000 watt add 4607 
5000 watt add 4710 
2. Non-automatic load-surging, sine wave, unprotected 
frequency stablized, 600 watt surge capacity, 400 watt 
continuous subtract $861 
REAL GAS AND ELECTRIC COMPANY, INC. 
P.O. BOX "A" 
GUERVILLE, CALIFORNIA 95446 
PRICE LIST - 1975 
(Price subject to change without notice) 
Generators 
Dunlite Model QB, 2000 watt, 110V $3375 
Elektro Model W 50 QT 6000 watt 115V  3750 
Complete systems available; size range from 200 
to 12,000 watts and price from $400 to $28,000 
WINCO 
DIVISION OF DYNO TECHNOLOGY, INC. 
P.O. BOX 3263 
SIOUX CITY, IOWA 51102 
PRICE LIST EFFECTIVE AUGUST 1975 
(Price subject to change without notice) 
Wincharger Model 1222H, 12 volt, 200 watt  $475 
Winco also carries engine generators 
SOLAR WIND 
P.O. BOX 7 
EAST HOLDEN, MAINE 04429 
PRICE LIST EFFECTIVE APRIL 1975 
(Price subject to change without notice) 
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Complete Wind Electric Systems 
Windplant - Wincharger 200 watt, 12VDC ($ 445) 
Battery bank - Surrette SWS 401-EH1, 12V, 220AH 150 
Inverter - Terado Mark II 300 watt, 12VDC/115VAC 150 
Tower - 10' steel tower (included in windplant   
$ 745 
Windplant - Sencenbaugh 750 watt, 12 volt DC $1465 
Battery bank - Surrette SWS-401 EH 2, 12VDC 440AH 290 
Inverter - Terado Mark I 500 watt 12VDC/115VAC 170 
Tower - ROHN 30' guyed tower 275 
$2200 
Substitutions in tower size, battery size and inverter 
size can be made to suit particular requirements. 
Towers 
Rohn guyed towers, galvanized steel, prices do not include 
top sections 
30' ... . $275 60' ... . $520 
40' ... . 425 70' ... . 725 
50' ... . 470 80' ... . 775 
Batteries 
Surrette batteries are of the Series 400 Marine/Industrial 
type with a 10-year life expectancy and a 5-year guarantee 
Model SWS-401 EH1, 220 AH, one 12VDC unit $150 
SWS-401 EH2, 440 AH, two 12VDC units 290 
SWS-401 EH3, 660 AH, three 12VDC units 435 
Inverters 
Terado solid-state electronic inverters. Convert 12VDC to 
115VAC. Produce modified square wave output which is filtered; 
output voltage is nominally 117 volts, 60 cycles AC 
Model Max. Output Max. Continuous Output Price 
Galaxy 200w 175w $ 95100 
Gemimi 750w 450  175.00 
Super Gemimi 1500w 900w 445.00 
Same as above, but with automatic frequency control 
Chief 125w lOOw 87.50, 
Continental 300w 275  225.00 
♦included 15 amp battery charger 
* 
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Standard (unregulated) inverters, but including built-in battery 
chargers. Can be used to charge 12 volt battery set from 115VAC 
auxiliary generator or power line 
Mark II 300w 
Mark I 500w 
* includes 15 amp battery charger 
** includes 20 amp battery charger 
275w $150.00* 
450w 170.00** 
AMERICAN ENERGY ALTERNATIVES, INC. 
P.O. BOX 905 
BOULDER, COLORADO 
Generator 
Amerenalt I 2500 watts at 32 mph (1500 watts @ 19 mph) 
( 900 watts @ 10 mph) 
Current cost (July 1975) of Amerenelt I turbine, excluding tower 
and batteries $2,500 
ZEPHYR WIND DYNAMIC CO. 
P.O. BOX 241 
BRUNSWICK, MAINE 04011 
Generator 
Zephyr Wind Dynamo output 7, 500 watts at 22 mph wind with a 
maximum of 15,000 watts at 30 mph wind 
Wholesale price as of July 1975 is $2,685. Cost of tower installation 
and storage system not included 
MIND POWER SYSTEMS, INC. 
SAN DIEGO, CALIFORNIA 
Generator 
RD-7000 7000 watts at 25-28 mph (peak output 10,000 watts 
at 32 mph) 
Present projected selling price (July 1975) is between $2,500 and 
$3,000 for each turbine unit 
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GRUMAN AEROSPACE CORPORATION 
Generator 
Sailwing windmill - Peak power output about 7000 watts 
Cost for the entire Sailwing power system tentatively set 
at $9,000 to $10,000 (July 1975) 
SEARS AND ROEBUCK COMPANY 
Engine Generators 
Watts HP Volts Running 
Time (Hrs) 
Tank 
Capacity 
(gallons) 
Price 
1700 4 120 2 1/2 $ 324.95 
2000 5 120 2 3/4 404.95 
2750 7 120-240 2 1 504.95 
3500 8 120-240 2 1 749.95 
4500 10 120-240 2 1 1/2 849.95 
5700 14 120-240 2 2 3/4 1199.95 
7000 16 120-240 2 2 3/4 1289.95 
Will Run At One Time 1700w 2000w 2750w 3500w 4500w 5700w 7000w 
1/3 HP Furnace Fan X X X X X X X 
House Lights X X X X X X X 
Refrigerator X X X X X X X 
1/3 HP sump pump X X X X X X 
Freezer X X X X X 
Television X X X X 
Automatic washer X X X 
Electric stcve (1 element) X X 
1/2 HP sukxnergible pump X 
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